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19 JULY 2000 



Priority Date(s) Claimed 
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Applicant(s) (DO/EO/US) 



HECKMEEER, Michael, et al. 



Title: LIQUID-CRYSTAL switching element and liquid-crystal display device 



PRELIMINARY AMENDMENT 



Commissioner for Patents 
Washington, D.C. 20231 

SIR: 

Prior to calculating the national fee, and prior to examination in the National Phase of the 
above-identified International application, please amend as follows: 

TN THE CLAIMS : 

3. (Amended) Liquid-crystal switching element according to Claim 1 , characterized in that the 
twist angle of the liquid-crystal layer (<$>) is in the range from -25° to +25°. 

4. (Amended) Liquid-crystal switching element according to Claim 1 , characterized in that the 
optical retardation of the liquid-crystal layer is or can be switched from its initial value to 
essentially 0 nm. 

5. (Amended) Liquid-crystal switching element according to Claim 1, characterized in that it i: 
a transmissive or transflective liquid-crystal switching element. 
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(Amended) Liquid-crystal switching element according to Claim 1, characterized in that the 
optical retardation of the liquid-crystal layer is form 0.20|im to 0.37|im. 

(Amended) Liquid-crystal switching element according to Claim 1, characterized in that the 
optical retardation of the liquid-crystal layer is from 0.07pm to 0.17|im 

(Amended) Liquid-crystal switching element according to Claim 1, characterized in that it 
contains at least one birefringent layer. 

(Amended) Liquid-crystal switching element according to Claim 8, characterized in that the 
optical retardation of the birefringent layer or of the birefringent layers [(d-An) BL ] 
corresponds either to essentially half or essentially twice the optical retardation of the liquid- 
crystal layer [(d-An) LC ]. 

(Amended) Liquid-crystal switching element according to Claim 1, characterized in that the 
switching element contains no birefringent layer. 

(Amended) Liquid-crystal switching element according to Claim 13, characterized in that 
the optical retardation of the liquid-crystal layer in the fully switched state is from 0 nm to 80 
nm, preferably from 0 nm to 40 nm. 

(Amended) Liquid-crystal switching element according to Claim 13, characterized in that 
the liquid-crystal layer has positive dielectric anisotropy. 

(Amended) Liquid-crystal switching element according to Claim 13, characterized in that it 
can be operated in normally white mode. 



(Amended) Liquid-crystal switching element according to Claim 13, characterized in that it 
is a reflective liquid-crystal switching element. 
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(Amended) Liquid-crystal switching element according to Claim 13, characterized in that it 
is a transmissive liquid-crystal switching element. 

(Amended) Liquid-crystal switching element according to Claim 13, characterized in that 
the liquid-crystal layer has negative dielectric anisotropy. 

(Amended) Electro-optical liquid-crystal device, characterized in that it contains a liquid- 
crystal switching element or a plurality of liquid-crystal switching elements according to 
Claim 1. 

(Amended) Electro-optical liquid-crystal display device according to Claim 21, 
characterized in that the liquid-crystal switching elements are addressed by means of a 
matrix of active electrical switching elements. 

(Amended) Use of an electro-optical liquid-crystal switching element or a plurality of 
electro-optical liquid-crystal switching elements according to Claim 1 in a liquid-crystal 
display device. 
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REMARKS 



The purpose of this Preliminary Amendment is to eliminate multiple dependent claims in 
order to avoid the additional fee. Applicants reserve the right to reintroduce claims to canceled 
combined subject matter. 

Attached hereto is a marked-up version of the changes made to the claims by the current 
amendment. The attached pages are captioned "Version With Markings to Show Changes 
Made". 



Respectfullysubmitted, 




Anthon^WZelano, Reg. No. 27,969 
Attorney fipij Applicants 

MELLEN, WHITE, ZELANO & BRANIGAN, P.C. 
Arlington Courthouse Plaza 1 
2200 Clarendon Boulevard, Suite 1400 
Arlington, VA 22201 
Direct Dial: 703-812-5311 
Facsimile: 703-243-6410 
AJZ:kmo Email: zelano@mwzb.com 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



Claims 3 to 8, 10, 13, 15 to 21, 23 and 24 were amended as follows: 



3. (Amended) Liquid-crystal switching element according to Claim 1, characterized in that the 
twist angle of the liquid-crystal layer ((f)) is in the range from -25° to +25°. 

4. (Amended) Liquid-crystal switching element according to Claim 1, characterized in that the 
optical retardation of the liquid-crystal layer is or can be switched from its initial value to 
essentially 0 nm. 

5. (Amended) Liquid-crystal switching element according to Claim 1, characterized in that it is 
a transmissive or transflective liquid-crystal switching element. 

6. (Amended) Liquid-crystal switching element according to Claim 1, characterized in that the 
optical retardation of the liquid-crystal layer is form 0.20p,m to 0.37fim. 

7. (Amended) Liquid-crystal switching element according to Claim 1, characterized in that the 
optical retardation of the liquid-crystal layer is from 0.07|im to 0.17(im 

8. (Amended) Liquid-crystal switching element according to Claim 1, characterized in that it 
contains at least one birefringent layer. 

10. (Amended) Liquid-crystal switching element according to Claim 8, characterized in that the 
optical retardation of the birefringent layer or of the birefringent layers [(d*An) BL ] 
corresponds either to essentially half or essentially twice the optical retardation of the liquid- 
crystal layer [(d-An) LC ]. 

13. (Amended) Liquid-crystal switching element according to Claim 1, characterized in that the 
switching element contains no birefringent layer. 
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(Amended) Liquid-crystal switching element according to Claim 13, characterized in that 
the optical retardation of the liquid-crystal layer in the fully switched state is from 0 run to 80 
run, preferably from 0 nm to 40 run. 

(Amended) Liquid-crystal switching element according to Claim 13, characterized in that 
the liquid-crystal layer has positive dielectric anisotropy. 

(Amended) Liquid-crystal switching element according to Claim 13, characterized in that it 
can be operated in normally white mode. 

(Amended) Liquid-crystal switching element according to Claim 13, characterized in that it 
is a reflective liquid-crystal switching element. 

(Amended) Liquid-crystal switching element according to Claim 13, characterized in that it 
is a transmissive liquid-crystal switching element. 

(Amended) Liquid-crystal switching element according to Claim 13, characterized in that 
the liquid-crystal layer has negative dielectric anisotropy. 

(Amended) Electro-optical liquid-crystal device, characterized in that it contains a liquid- 
crystal switching element or a plurality of liquid-crystal switching elements according to 
Claim 1. 

(Amended) Electro-optical liquid-crystal display device according to Claim 21, 
characterized in that the liquid-crystal switching elements are addressed by means of a 
matrix of active electrical switching elements. 
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(Amended) Use of an electro-optical liquid-crystal switching element or a plurality of 
electro-optical liquid-crystal switching elements according to Claim 1 in a liquid-crystal 
display device. 
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(57) Abstract: The present invention relates to a liquid crystal electro-optical switching member that comprises at least one polariser 
^ and a liquid crystal layer having an initial orientation in which the liquid crystal molecules are oriented so as to be essentially parallel 
to the substrates and to each other. The change of orientation of the liquid crystals, from their initial orientation that is substantially 
parallel to the substrates, is induced by a corresponding electric field which is oriented so as to be practically parallel to the substrates 
in the case liquid crystal with a negative dielectric anisotropy and so as to be practically perpendicular to the substrates in the case 
^ liquid crystal with a positive dielectric anisotropy. The liquid crystal layer has an optical delay [(d An) LC?] of between 0.06 and 0.43 
^ \im. The present invention also relates to a liquid crystal display system that comprises said liquid crystal switching members. 

CD 

^ (57) Zusam menfassung: Die Erfmdung betriflt ein elektrooptisches Russigkrbtallschaltelement, umfassend mindestens einen Po- 
O larisator, eine Flussigkristallschicht, die eine Ausgangsorientierung aufweist, bei der die Flussigkristallmolekuie im wesentlichen 

O parallel zu den Substraten und im wesentlichen parallel zueinander orientiert sind, in welcher die Umorientierung der FTiissigkris- 
talle aus ihrer im wesentlichen zu den Substraten 

[Forisetzung auf der nachsten Seite] 
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Liquid-crystal switching element and liquid-crystal display device 



The invention relates to an electro-optical liquid-crystal switching element 
5 comprising at least one polariser and a liquid-crystal layer which has an 
initial alignment in which the liquid-crystal molecules are aligned essenti- 
ally parallel to the substrates and essentially parallel to one another, in 
which the realignment of the liquid crystals from their initial alignment es- 
sentially parallel to the substrates is caused by a corresponding electric 
10 field, which, in the case of liquid-crystal materials of negative dielectric ani- 
sotropy, is aligned essentially parallel to the substrates and, in the case of 
liquid-crystal materials of positive dielectric anisotropy, is aligned essen- 
tially perpendicular to the substrates, where the liquid-crystal layer has an 
extremely low optical retardation d«An in the range from 0.06 (jm to 0.43 
15 |jm, and the liquid-crystal switching element preferably contains, in addi- 
tion to the liquid-crystal layer, a further birefringent layer, preferably a X/4 
C layer or two X/4 layers or a XI2 layer, and 2 liquid-crystal display systems 

containing liquid-crystal switching elements of this type. 



:1Z 



20 The present invention furthermore relates to liquid-crystal media, in parti- 
cular of low birefringence, for use in the liquid-crystal display systems. 
These liquid-crystal display systems containing the liquid-crystal switching 
elements are, inter alia, display screens of television sets, computers, such 
as, for example, notebook computers or desktop computers, central con- 

25 trol units and of other equipment, for example gambling machines, electro- 
optical displays, such as displays of watches, pocket calculators, electronic 
(pocket) games, portable data banks, such as PDAs (personal digital as- 
sistants) or of mobile telephones. 



30 In particular, the liquid-crystal display systems according to the invention 

are highly suitable for applications with display of grey shades, such as, for 
example, television sets, computer monitors and multimedia equipment. 
Both mains-independent operation and also operation on the mains are 
possible here. Mains operation is often preferred. 

35 

These liquid-crystal display devices are also known as liquid-crystal dis- 
plays. 



REPLACEMENT SHEET (RULE 26) 



WO 01/07962 



-2- 



PCT/EP00/06879 



The liquid-crystal switching elements typically used in the liquid-crystal dis- 
play devices of this type are the known TN (twisted nematic) switching 
elements, for example in accordance with Schadt, M. and Helfrich, W. 

5 Appl. Phys. Lett. 18, pp. 127 ff (1974) and in particular in their special form 
with low optical retardation d-An in the range from 1 50 nm to 600 nm in ac- 
cordance with DE 30 22 818, STN (super twisted nematic) switching 
elements, such as, for example, in accordance with GB 2.123.163, Wa- 
ters, C. M., Brimmel, V, and Raynes, E. Pproc. 3 rd Int. Display Research 

10 Conference, Kobe 1983, pp. 396 ff and Proc. SID 25/4, pp. 261 ff, 1984, 
Scheffer, T. J. and Nehring, J. Appl. Phys. Lett. 45, pp. 1021 ff, 1984 and 
J. Appl. Phys. 58, pp. 3022 ff,1985, DE 34 31 871 , DE 36 08 91 1 and 
EP 0 260 450, IPS (in-pjane switching) switching elements, as described, 
for example, in DE 40 00 451 and EP 0 588 568, and VAN (vertically 

1 5 aligned nematic) switching elements, as described, for example, in Ta- 
naka, Y. et al. Taniguchi, Y., Sasaki, T., Takeda, A., Koibe, Y., and 
Okamoto, K. SID 99 Digest pp. 206 ff (1999), Koma, N., Noritake, K., Ka- 
wabe, M., and Yoneda, K., International Display Workshop (IDW) '97 pp. 
789 ff (1997) and Kim, K.H., Lee, K., Park, S.B., Song, J.K., Kim, S., and 

20 suk, J.H., Asia Display 98, pp. 383 ff, (1 998). 

In these liquid-crystal display devices which were known hitherto and are 
for the most part already commercially available, the optical appearance is 
inadequate, at least for demanding applications. In particular the contrast, 

25 especially in the case of coloured displays, the brightness, the colour satu- 
ration and the viewing-angle dependence of these parameters are in clear 
need of improvement and have to be improved if the display devices are to 
compete with the performance features of the widespread CRTs (cathode 
ray tubes). Further disadvantages of the liquid-crystal display devices are 

30 often their poor spatial resolution and inadequate response times, in par- 
ticular in the case of STN switching elements, but also in the case of TN 
switching elements or IPS ("in-plane switching") and VAN (vertically 
aligned nematic") switching elements, in the case of the latter especially if 
they are to be used for the reproduction of video, such as, for example, in 

35 multimedia applications on computer display screens or in the case of 

television sets. Particularly for this purpose, but also even for the display of 
rapid cursor movements, short response times, preferably of less than 32 
ms, particularly preferably of less than 16 ms, are desired. 
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The requirements regarding the viewing-angle dependence of the contrast 
are highly dependent on the application of the display devices. Thus, for 

5 example, the horizontal viewing-angle range is the most important in televi- 
sion screens and computer monitors, whereas centrosymmetrical or at 
least approximately centrosymmetrical viewing-angle distributions are de- 
sired in other applications. Displays having virtually centrosymmetrical 
viewing-angle distributions are required, in particular, in projection displays 

10 in order to utilise the optical apertures as well as possible, but also in com- 
puter display screens having a swivel base. These display screens allow 
the display to be tilted through 90° in order to change from portrait mode to 
landscape mode while retaining the resolution of the display. Displays of 
this type obviously have to have similar horizontal and vertical viewing- 

15 angle ranges since these are interchanged on tilting. 

In general, it should be noted that for practical acceptance of a display, it is 
not primarily its contrast or its maximum contrast ratio that is crucial, but 
instead the viewing-angle dependence of the contrast is frequently impor- 
20 tant. However, these properties should be weighted differently depending 
on the application. 

TN switching elements having a d-An in the range from 0.2 |jm to 0.6 (Jim, 
as described in DE 30 22 818, generally have very good colour saturation 
25 and colour depth, but an inadequate viewing angle for demanding applica- 
tions, such as, for example, desktop computer monitors. 

In some embodiments, such as, for example, in typical IPS display devi- 
ces, the brightness of the display can be achieved to an inadequate extent 
30 or can only be achieved at great expense with backlighting. In contrast, 
VANs are frequently characterised by inadequate colour saturation and 
colour depth, and furthermore the production of VANs is complex owing to 
the homeotropic alignment, which is difficult to achieve, and owing to the 
long filling times. 



35 



EP 0 264 667 describes TN cells having twist angles (cj>,known as twist for 
short) in the range from 10° to 80° with a d-An in the range from 0.2 pm to 
0.7 \dm. Although these have both an improved viewing-angle dependence 
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of the contrast and lower steepness of the electro-optical characteristic line 
compared with TN cells having a 90° twist, they have, however, significant 
disadvantages. Thus, inter alia, their brightness and their contrast are sig- 
5 nificantly lower than those of conventional TN switching elements. In 
addition, the TN switching elements in accordance with EP 0 264 667 
switch relatively slowly. 

Raynes, E.P., Mol. Cryst. Liq. Cryst. 4, p. 1, ff, 1986, describes the voltage 
10 dependence of the tilt angle in the centre of the liquid-crystal layer (<p Mf 

also known as mid-plane tilt angle or mid-plane tilt for short) as a function 
of the addressing voltage for cells containing a nematic liquid crystal with a 
tilted alignment having a tilt angle of from 0° to 270°. 

1 5 DE 40 10 503 and WO 92/17831, which corresponds thereto, describe, 
inter alia, TN switching elements having twist angles in the range from 
greater than 0° to 90° which contain one or more compensation layers, 
where the compensation layers for compensation of the optical path differ- 
ence of the switching cell have the same optical retardation as the 

20 switching cell. In cells having a twist angle regarded as small, for example 
22.5°, the compensation layer may also be omitted. However, the switch 
elements described in this publication have, in particular, inadequate con- 
trast, which is frequently accompanied by a still considerable viewing-angle 
dependence of the contrast. Furthermore, the response times, in particular 

25 those for the addressing of grey shades, are usually inadequate. 

DE 42 12 744 proposes improving the viewing-angle dependence of the 
contrast and in particular the display of grey shades by TN cells having a 
90° twist and a d-An in the range from 0.15 pm to 0.70 |jm by using a cho- 

30 lesteric liquid-crystal material having a small cholesteric pitch (P) with a d/P 
ratio in the range from 0.1 to 0.5. The TN switching elements of DE 42 12 
744 exhibit similar disadvantages to the switching elements described in 
EP 0 264 667. The saturation voltage also increases significantly in the 
cells in accordance with DE 42 12 744 compared with conventional TN 

35 cells, albeit not so highly pronounced as in the TN switching elements of 
EP 0 264 667. 
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WO 91/06889 and the corresponding US patent 5.319.478 describe [la- 
cuna] the minimum optical retardations of A/2 or X/4 and propose their 
operation with circular-polarised light. Cells having a twisted structure of 
5 the liquid crystal are preferred. 

Van Haaren et al., Phys. Rev. E, Vol. 53, No. 2, pp. 1701 to 1713, investi- 
gates the elastic constants for surface coupling (k 13 ) of the nematic liquid- 
crystal mixture ZLI-4792, Merck KGaA, in an untwisted cell with a planar 
10 alignment having a X/4 plate. 

Tillin et al., SID 98 Digest, pp. 311-314 (1998), investigates reflective liq- 
uid-crystal switching elements having a single polariser. He mentions, inter 
If alia, a liquid-crystal switching element having an untwisted liquid crystal 

S 15 which switches from a (d • An / X) of 14 to V* in normally white mode and 
W from % to 0 in normally black mode. However, the publication prefers liq- 

% uid-crystal layers having a twisted structure. In addition, liquid-crystal cells 

J3 having an (d • An / X) of 1/3 containing a birefringent layer having a 

(d • An / X) of 1 /2 and optionally an additional birefringent layer having a 
20 (d • An / X) of 4/55 are presented. In these, the characteristic directions of 
the optical components form angles to one another which differ by 0° and 
90°. The switching elements having birefringent layers which are described 
here have a complex structure and are consequently not easy to produce. 
In addition, the brightness is not particularly good, in particular in the 
25 switching elements having a plurality of birefringent layers. 

It has now been found that the liquid-crystal switching elements according 
to the present invention do not have the disadvantages of the known 
switching elements or at least do so to a significantly reduced extent. They 
30 are characterised by very good contrast at the same time as excellent 

viewing-angle dependence of the contrast. They allow the display both of 
grey shades and of half-tone colours over a broad range of observation 
angles. In addition, the response times are good and in particular are ade- 
quate for video reproduction. 



Si ■ 



35 



The liquid-crystal switching elements according to the present invention 
contain a liquid-crystal layer having a small optical retardation and, if de- 
sired, a further birefringent layer, preferably a X/4 layer, a XI2 layer or two 
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X/4 layers, and at least one polariser. The two 7J4 layers may replace the 
7J2 layer. 

The transmissive or transflective liquid-crystal switching elements accord- 
ing to the present invention preferably contain a polariser and an analyser, 
which are arranged on opposite sides of the arrangement of liquid-crystal 
layer and birefringent layer. Polariser and analyser are jointly referred to as 
polarisers in this application. 



10 



Figure 1 shows a diagrammatic view of the principle of construction of a 
liquid-crystal switching element according to the invention in the preferred 
embodiment of a transmissive switching element having a light source, 
o having a liquid-crystal layer, having two polarisers, having a birefringent 

w 15 layer (here, as preferred, a X/4 layer) and having crossed polarisers. 

*[' Figure 1a is a side view. For reasons of clarity, the substrates of the liquid- 

£ crystal cell between which the liquid-crystal layer is located and the elec- 

trode layers located on the alignment layers present on the insides of the 
2 20 substrate and on one or both substrates are omitted. Each of the two pola- 
risers is located on one of the two sides of the liquid-crystal cell. The bire- 
fringent layer is located between the liquid-crystal cell and one of the two 
polarisers, preferably, as shown, on the side facing away from the light 
source, i.e. between the liquid-crystal cell and the analyser. In this configu- 
25 ration, the fast axis of the birefringent layer is parallel to the transmission 
axis of the polariser. The light from the light source (backlighting, BL for 
short) thus passes successively through the polariser, the liquid-crystal 
cell, the birefringent layer and the analyser before reaching the observer 
(not shown). However, it is also possible to reverse the sequence of liquid- 
30 crystal layer and birefringent layer. In this case, however, the relative align- 
ment of these two components also has to be changed. The fast axis of 
the birefringent layer is then preferably at an angle of 45° to the polariser, 
and the projection of the alignment of the liquid crystal in the centre of the 
cell between the substrates is preferably parallel to the transmission direc- 
35 tion of the polariser. 

Figure 1b shows a plan view, i.e. along the z-axis in Figure 1a. It shows the 
alignment of the relevant axes of the individual optical components to one 
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another and defines the corresponding angles. The symbols from Figure 
1a are used where appropriate, ¥pp denotes the angle between the 
transmission axes of the two polarisers (here 90°), ^pl denotes the angle 
between the transmission axis of the polariser and the preferential direc- 
tion of the liquid-crystal director in the centre of the layer between the sub- 
strates (n j |) (here 45°). The fast axis of the XI4 layer is parallel to the 
transmission axis of the polariser. The angle ^pd is thus 0°. Finally, the 
observation angle in the plane of the switching element (<D) is indicated 
with examples of 0°, 90°, 180° and 270°. 



The observation angles in the plane of the display (O and O') and perpen- 
dicular to the normal (©) are defined in Figure 2. The observation angles 
®' commence with <I>' = 0° in the quadrant with the highest contrast at the 
angle of the highest contrast, which is generally in the direction of n | [. 
Thus, [lacuna] or O' is shifted by 45° compared with O. 

The fast axis of the X/4 layer is parallel to the transmission direction of the 
polariser, to that of the polariser adjacent to the X/4 layer in the case of the 
presence of two or more polarisers (cf. Figure 1b). An analogous situation 
applies in the presence of two XI4 layers or of one X/2 layer. 



Linear polarisers are preferably used in the switching elements according 
to the present application. These linear polarisers may be single-layered 
polarisers or consist of a combination of a plurality of layers, where these 
layers may alsoxomprise two or more polarising layers. The degree of 
polarisation of the polarisers is chosen to be sufficiently high in order to 
achieve good contrast, but also sufficiently low to achieve good brightness 
of the switching element. The use of a polariser having a relatively low de- 
gree of polarisation, a so-called ciean-up polariser, in combination with a 
polariser having a relatively high degree of polarisation often proves ad- 
vantageous. In this case, the polarisers are preferably bonded using an 
adhesive of appropriate refractive index in order to avoid light losses at the 
surfaces. 

The liquid-crystal layer is usually held between two substrates. At least one 
of the substrates transmits light, preferably both substrates transmit light. 
The light-transmitting substrates consist, for example, of glass, quartz 
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glass, quartz or of transparent plastics, preferably of glass and particularly 
preferably of borosilicate glass. 

The substrates together with an adhesive frame form a cell in which the 
liquid-crystal material of the liquid-crystal layer is held. The substrates are 
preferably planar. 

The separation of the planar substrates is kept essentially constant over 
the entire area by means of spacers. These spacers may be used only in 
the adhesive frame or, alternatively, distributed over the entire area of the 
cell. The use of spacers exclusively in the adhesive frame reduces prob- 
lems with misalignment in the liquid-crystal layer. It is particularly appro- 
priate in the case of liquid-crystal cells having small area diagonals, in par- 
ticular up to 5" and preferably up to 3". In the case of larger-area liquid- 
crystal cells, in particular in the case of those having diagonals of 14" or 
more and very particularly of 18" or more, spacers are preferably employed 
distributed over the entire area. In this case, it is possible and often ad- 
vantageous to employ different spacers in the adhesive frame and in the 
cell area. The preferred limits for the various distributions of the spacers 
over the cell area additionally depend on the thickness of the substrates 
used. Thus, the use of spacers distributed over the entire display area is 
preferred in the case of relatively thin glass and in the case of relatively 
large diagonals. 

The preferred substrate thicknesses are from 0.3 mm to 1 .1 mm, particu- 
larly preferably from 0.4 mm to 0.7 mm. In the case of the relatively large 
diagonals of the cells, the substrates of relatively large thicknesses are 
preferably employed. 

The liquid-crystal switching elements according to the invention are distin- 
guished by very good grey-shade capacity, a low dependence of the 
contrast on the observation angle, even in the case of colour display, with 
a large viewing-angle range and low contrast inversion and, in particular, 
by very short response times. In particular, the inverse contrast, as de- 
fined, for example, in DE 42 12 744, which occurs, for example, in displays 
in accordance with DE 30 22 818, is significantly reduced, in particular at 
relatively large observation angles 9. 
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As spacers, commercially available spacers in bead form or in cylindrical 
form may consist either of plastics or of inorganic materials, such as, for 
example, chopped glass fibre. Suitable spacers are furthermore more or 
less regular, raised structures on, preferably, one of the substrates. These 
regular, raised structures may have various shapes, such as, for example, 
rectangular, square, oval or round columns or pyramid shafts, but also 
strip- or wave-shaped structures. 

The liquid-crystal switching elements in accordance with the present appli- 
cation have, if they are reflective switching elements, at least one polariser 
and a reflector, with at least one polariser and the reflector being located 
on opposite sides (i.e. substrates) to one another in the liquid-crystal cell. 
In the case that they are transmissive or reflective switching elements, 
these have at least two polarisers, in each case at least one of which is ar- 
ranged on one of the two opposite sides of the liquid-crystal cell (so-called 
sandwich structure). The obligatory polarisers mentioned are preferably 
linear polarisers and particularly linear polarisers having a high degree of 
polarisation. 

In addition to the obligatory polarisers, the switching elements according to 
the invention may contain one or more further polarisers. These may be 
so-called clean-up polarisers having a lower degree of polarisation, but 
high transmission. In particular in the case of reflective switching elements, 
however, a further polariser having a high degree of polarisation may also 
be present. This is preferably arranged between the liquid-crystal cell and 
the reflector. However, the use of additional polarisers is generally less 
preferred since in most cases it results in a reduction in the transmission. 
However, it is usual, in particular in connection with so-called brightness- 
increasing components, which may, for example, contain cholesteric poly- 
mer films. 

In the case of transmissive and transflective displays in accordance with 
the present application, the two obligatory polarisers are arranged either 
crossed or parallel to one another. In this application, the directions of the 
arrangement of the polarisers are relative to their absorption axes. The 
crossed arrangement of the polarisers is preferred. The angle of the ab- 
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sorption axes to one another O^pp) in the case of crossed polarisers is in 
the range from 75° to 105°, preferably from 85° to 95°, particularly prefera- 
bly from 88° to 92°, especially preferably from 89° to 91° and very 
5 particularly preferably 90°, and in the case of parallel polarisers is from 

-15° to 15°, preferably from -5° to 5°, particularly preferably from -2° to 2°, 
especially preferably from -1° to 1° and very particularly preferably 0°. 

The angle between the absorption axis of the polariser adjacent to the liq- 
1 0 uid-crystal layer with the direction of the alignment of the director of the 
liquid-crystal material in the unswitched (field-free) state at the adjacent 
substrate £¥ PL ) is from 35° to 55°, preferably from 40° to 50°, particularly 
preferably from 43° to 47°, in particular from 44° to 46° and ideally 45°. 
This applies to the untwisted alignment of the liquid crystal. In the case of 
15 the twisted alignment of the liquid crystal, the preferential direction for the 
indication of the angle ^pl is the projection of the alignment of the liquid- 
crystal director in the centre between the two substrates of the cell on the 
substrate adjacent to the polariser. On use of further birefringent layers 
and/or compensators in addition to the obligatory or preferred X/4 or X12 
20 layer or layers, depending on the embodiment, other angles between the 
polariser direction and the liquid-crystal alignment can also be employed. 
However, these are generally not preferred. 

The twist angle (<f>) of the liquid-crystal layer between the two substrates is, 
25 in particular in the case of switching elements having a birefringent layer, 
in particular having a X/4 or X/2 layer, or having a plurality of birefringent 
layers, in particular having two X/4 layers, preferably from -20° to 20°, par- 
ticularly preferably from -10° to 10°, especially preferably from -5° to 5°, 
very particularly preferably from -2° to 2° and most preferably from -1° to 
30 r. 

For the preferred embodiment without a birefringent layer, i.e. without a X/4 
or XI2 layer or layers, the liquid-crystal layer is essentially untwisted and 
particularly preferably untwisted. A twist angle (<|>) of from -6° to 6° is pre- 
35 ferred. The twist angle is particularly preferably from -1 .0° to 1 ,0°, very 
particularly preferably from -0.5 to 0.5, especially preferably 0.0°. 
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The liquid-crystal materials are aligned at the substrate surfaces by con- 
ventional methods. To this end, use can be made of inclined vapour depo- 
sition with inorganic compounds, preferably oxides, such as SiO x , 
alignment on surfaces that have been subjected to antiparallel rubbing, in 
particular on polymer layers, such as polyimide layers, that have been 
subjected to antiparallel rubbing, or alignment on photopolymerised aniso- 
tropic polymers. In the case of vertical alignment (abbreviated to VA), it is 
also possible to employ lecithin or surface-active substances for homeo- 
tropic alignment. 

The liquid-crystal switching elements in accordance with the present inven- 
tion can be produced using the production processes in the production 
plants for the most widespread liquid-crystal switching elements to date, 
the TN liquid-crystal switching elements. In particular, there is no need for 
special effort regarding alignment of the liquid-crystal director, as, for ex- 
ample, in STN (high tilt angle) or in VAN (homeotropic alignment). In 
addition, in contrast to TN, IPS having a twisted initial state and in particu- 
lar to STN, additives, such as chiral dopants, can be substantially and fre- 
quently even completely omitted. A further process parameter which is 
sometimes difficult to control is thus superfluous. 

The surface tilt angle at the substrates (<p 0 , tilt for short) is in the range 
from 0° to 15°, preferably in the range from 0° to 10°, particularly prefera- 
bly in the range from 0.1° to 5° and especially preferably in the range from 
0.2° to 5° and most preferably in the range from 0.3° to 3°. The surface tilt 
angle at the alignment layer on at least one of the substrate surfaces is 
from 0.5° to 3°. The tilt angle at the two substrates is preferably essentially 
identical. 

The electrodes on the substrates transmit light, at least on one of the sub- 
strates and preferably on both substrates. The material employed for the 
electrodes is preferably indium tin oxide (ITO), but it is also possible to use 
aluminium, copper, silver, and/or gold. 

Since the surface tilt angle in the liquid-crystal display elements according 
to the invention may be small, the use of anisotropically photopolym- 
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erisable materials, such as, for example, cinnamic acid derivatives, the so- 
called photoalignment should particularly advantageously be employed. 

5 This applies in particular to a preferred embodiment of the liquid-crystal 
display elements according to the invention, the embodiment with multi- 
domain switching elements. In these, the individual liquid-crystal switching 
elements or their individual display electrodes (also known as pixels) are 
divided into sub-areas of different alignment of the liquid-crystal director, at 
1 0 least in the switched state, but generally also in the unswitched state, so- 
called domains. These domains having different alignment in the switched 
state can be induced, for example, by different surface tilt angles or by 
different differential alignment on the substrates. However, they can also 
p be induced by corresponding electric fields with a sufficiently inclined 

p t 1 5 alignment, for example through slotted electrodes, or through non-planar 

2 surface topographies. In particular in the case of induction of the domains 

«? by electric fields which are not perpendicular to the substrates, but also in 

j| the case of non-planar surface topographies, the smallest possible surface 

tilt angle, if possible of 0°, is usually preferred, as can readily be achieved 
2 20 by means of photoalignment. The individual pixels of the multidomain 

m switching elements preferably contain two or more, preferably precisely a 

in? * 

JJ? multiple of two, very particularly preferably two or four, domains. The tilt 

ry angles of the liquid-crystal director in the centre of the liquid-crystal layer 

(<p M , mid-plane tilt angle) of these domains in the switched state are prefer- 
25 ably opposite one another in pairs. The result of this is that the viewing- 
angle dependencies of the domains, also known as sub-pixels, cancel 
each other out, and the undesired effect is eliminated. The light-scattering 
disclinations which occur at the domain limits are covered by a corre- 
sponding mask, preferably a black mask, in order to improve the contrast. 
30 Through appropriate design of the structure or structures inducing the do- 
mains, and of the mask, the restriction in the light yield by the reduced 
aperture ratio can be kept as low as possible. 



The larger of the preferred surface tilt angles are particularly advantageous 
for a definition of the preferred quadrant, i.e. the quadrant in which the 
best contrast is observed. They result, in particular, in a suppression of re- 
verse tilt domains, which arise particularly easily on application of non- 
orthogonal fields. 
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Active electric switching elements of the active matrix which are used are 
both bipolar structures, such as diodes, for example MIM diodes or back to 

5 back diodes, if desired with reset, and tripolar structures, such as transis- 
tors, for example thin-film transistors (TFTs), or varistors. For the liquid- 
crystal display devices in accordance with the present application, TFTs 
are preferred. The active semiconductor medium of these TFTs is amor- 
phous silicon (a-Si), polycrystalline silicon (poly-Si) or cadmium selenide 

10 (CdSe), preferably a-Si or poly-Si. Poly-Si here equally denotes high- 
temperature and low-temperature poly-Si. 

In liquid-crystal switching elements according to a preferred embodiment 
of the present invention, the liquid-crystal layer preferably has an optical 
15 retardation (d-An) of from 0.14 pm to 0.42 pm, particularly preferably from 
0.22 pm to 0.34 pm, especially preferably from 0.25 pm to 0.31 pm, very 
particularly preferably from 0.27 pm to 0.29 pm and ideally 0.28 pm. 

To this end, liquid-crystal materials of low birefringence An are preferably 
20 employed. The birefringence of the liquid-crystal materials is preferably 

from 0.02 to 0.09, particularly preferably from 0.04 to 0.08, especially pre- 
ferably from 0.05 to 0.075, very particularly preferably from 0.055 to 0.070 
and ideally from about 0.060 to 0.065. 

25 The layer thickness of the liquid-crystal layer is preferably from 1 pm to 
10 pm, preferably from 2 pm to 7 pm, particularly preferably from 3 pm to 
6 pm and especially preferably from 4 pm to 5 pm. 

In liquid-crystal display devices containing liquid-crystal cells having a di- 
30 agonal of up to 6", layer thicknesses of the liquid-crystal layer of from 1 pm 
to 4 pm and particularly from 2 pm to 3 pm are preferred. In liquid-crystal 
display devices containing liquid-crystal cells having a diagonal from 10", 
layer thicknesses of the liquid-crystal layer of from 3 pm to 6 pm and par- 
ticularly from 4 pm to 5 pm are preferred. 



35 



There are two different preferred sub-forms for this preferred embodiment. 
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In the first of these preferred sub-embodiments of the present invention, 
the liquid-crystal layer has an optical retardation (d-An) of from 0.20 pm to 
0.37 jjm, preferably from 0.25 pm to 0.32 pm, particularly preferably from 
5 0.26 pm to 0.30 pm, very particularly preferably from 0.27 pm to 0.29 pm, 
and most preferably 0.28 pm. 

In this preferred sub-embodiment, the display element surprisingly does 
not require a XI4 layer in some applications. It is nevertheless character- 
10 ised by good brightness, excellent contrast and excellent viewing-angle 

dependence and very good grey-shade and colour-shade display given an 
appropriate polariser setting, preferably at an angle of essentially 45° to 
:U the liquid-crystal preferential direction. Without a X/4 layer, a very broad 

9 viewing-angle range for the observation angle © is achieved, although not 

Q 15 fo r a || observation angles 0>. By contrast, the viewing-angle range in the 

] !l switching elements having a X/4 layer is significantly more centrosymmetri- 

Jl cal, i.e. extends to all similar, large values of the observation angle © at all 

£ observation angles O (cf. in this respect also Figures 9a) and 9b) regarding 

g Examples 1 and 2). 

H- 20 

In the second of these preferred sub-embodiments of the present inven- 
Q tion, the display elements preferably contain a X/4 layer, and the liquid- 

* crystal layer has an optical retardation [(d-An) L c] of from 0.10 pm to 

0.45 pm, preferably from 0.20 pm to 0.37 pm, particularly preferably from 

25 0.25 pm to 0.32 pm, very particularly preferably from 0.26 pm to 0.30 pm, 
especially particularly preferably from 0.27 pm to 0.29 pm, and most pref- 
erably 0.28 pm. The liquid-crystal layer in the unswitched state thus 
behaves approximately like a X/2 layer. Preference is furthermore given 
here to an embodiment in which the (d-AnXc is different from 0.28 pm, 

30 preferably in the range from 0.10 pm to 0.27 pm or from 0.30 pm to 

0.45 pm, particularly preferably from 0.14 pm to 0.25 pm or from 0.32 pm 
to 0.42 pm, very particularly preferably from 0.22 pm to 0.25 pm, or from 
0.32 pm to 0.34 pm. 

35 In the present application, the wavelength X always preferably relates to 
the wavelength of maximum sensitivity of the human eye, to 554 nm, un- 
less explicitly stated otherwise. 
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The terms 7J4 layer and X/4 plate, or X/2 layer and X/2 plate are generally 
used with equal importance in the present application. The term X in 7J4 
layer and X/2 layer denotes a wavelength in the region of X ± 30%, pref- 
erably X ± 20%, particularly preferably X ± 10%, especially preferably X ± 
5% and very particularly preferably X ± 2%. The wavelength here, unless 
stated otherwise, is 554 nm. The wavelength of the XI4 layer or X/2 layer is 
generally and in particular in the case of a significant spectral distribution 
given as the central wavelength thereof. 

The XI4 layer or X/2 layer is an inorganic layer or preferably an organic 
layer, for example comprising a birefringent polymer, for example 
stretched films (PET) or liquid-crystalline polymers. 

^ 15 jhe use particularly of the smaller of the preferred layer thicknesses of the 

.*b liquid-crystal layer is preferred in view of the advantageous short response 

times which can be achieved thereby. In addition, it tends to allow the use 
of conventional liquid-crystal materials or makes at least lower demands 
1 regarding the often difficult implementation of the small An values. 

d 20 

TJ By contrast, the use of liquid-crystal materials having a particularly small 

JK An is preferred in view of the lower layer thickness dependence of the 

rU contrast and of the background hue of the liquid-crystal switching ele- 

ments. In addition, the production of the display elements in this 
25 embodiment is possible with significantly greater yields, especially in the 
case of liquid-crystal cells having larger diagonals. 



For a broad working-temperature range, particular preference is given to 
liquid-crystal materials having a relatively high clearing point, since the ef- 
fect of the XI4 layer is significantly temperature-dependent, owing to the 
temperature dependence of the birefringence of the liquid-crystal materials 
[An L cC0], and An L c(T) in liquid-crystal materials having a high clearing 
point is relatively low. The temperature dependence of the optical ar- 
rangement as a whole is thus kept relatively low and can thus, if 
necessary, also be compensated more readily. 

In a second preferred embodiment of the present invention, the liquid- 
crystal layer has an optical retardation of from 0.07 pm to 0.21 pm, pref- 
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erably from 0.1 1 pm to 0.17 pm, particularly preferably from 0.12 pm to 
0.16 pm, especially preferably from 0.13 pm to 0.15 pm and very particu- 
larly preferably 0.14 pm. In this preferred embodiment, the display element 
preferably has at least one birefringent layer, preferably a A/2 layer or two 
A/4 layers, in addition to the liquid-crystal layer. 

To this end, liquid-crystal materials of low birefringence An are again pref- 
erably employed. The birefringence of the liquid-crystal materials is 
preferably from 0.02 to 0.09, particularly preferably from 0.04 to 0.08, es- 
pecially preferably from 0.05 to 0.07, very particularly preferably from 
0.055 to 0.065 and ideally about 0.060. 

The layer thickness of the liquid-crystal layer is preferably from 0.5 pm to 
7 pm, preferably from 1 pm to 5 pm, particularly preferably from 1 .5 pm to 
4 pm and especially preferably from 2 pm to 2.5 pm. Particular preference 
is given here to displays containing liquid-crystal cells having smaller di- 
agonals, in particular in the range from 0.5" to 6", particularly in the range 
from V to 4". 

In this second preferred embodiment, the liquid-crystal switching elements 
preferably contain two A/4 layers or, particularly preferably, one A/2 layer. 
The two A/4 layers can be used on different sides of the liquid-crystal layer, 
but they can also be located on the same side of the liquid-crystal layer. 

In particular if the optical retardation of the liquid-crystal layer [(d-An) L c] is 
significantly different from 0.14 pm, particularly if it is in the range from 
0.07 pm to 0.12 pm or from 0.16 pm to 0.21 pm, the use of two A/4 layers, 
or one A/2 layer is necessary. 

This second preferred embodiment makes high demands both regarding 
the birefringence of the liquid-crystal material and regarding the layer 
thickness of the liquid-crystal layer. However, the requirements of the layer 
thickness of the liquid-crystal layer are somewhat reduced by the lower 
layer-thickness dependence of the optical properties of the switching ele- 
ments. In the case of small-area liquid-crystal cells, the layer-thickness 
tolerance is in addition easier to comply with. In addition, the thin liquid- 
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crystal ceils in this preferred embodiment have extremely short short re- 
sponse times. 

5 The liquid-crystal switching elements in accordance with the present appli- 
cation can be operated transmissively, transflectively or reflectively. The 
transmissive or transflective mode, particularly preferably the transmissive 
mode, is preferred. 

10 Transflective displays enable the advantages of low power consumption of 
the reflective displays to be combined with that of good legibility at low 
ambient brightness of the transmissive displays with backlighting. 

w Reflectors which can be used are dielectric or metallic layers. Metallic re- 

;;f 15 fleeter layers are preferred. On use of metallic reflectors, a greater 

variation in the optical retardation of the liquid-crystal layer can be toier- 
2 ated. If a dielectric mirror is used, the optical retardation of the liquid- 

5 crystal layer is essentially X/4, in particular in the case of switching ele- 

^ ments without a birefringent layer. On use of a second linear polariser 

X 20 between the liquid-crystal layer and the reflector, preference is given to a 
V dielectric reflector, which preferably has a low fraction of depolarised re- 

% flection. 

Particularly preferred combinations of the optical retardation of the liquid- 
25 crystal layer and of the birefringent layer are shown in the following table 
(Table 1). In this table, the preferred settings of the polarisers both with re- 
spect to one another and with respect to the preferential direction of the 
liquid crystals are also indicated. 

30 



35 
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Table 1 : Preferred parameter combinations 



A) Transmissive or transflective switching element 



5 



10 



15 



(dAn) LC / 
Mm 


Birefringent 
layer 


Tpp/ 0 






Preferably 




Preferably 


0.220 to 
0.276 


XI4 plate 
obligatory 


Oto 10 


90 to 70 


45+/- 10 


45 +/- 5 


0.277 


X/4 plate 
preferred 


0+/-5 


90 +/- 5 


45+/- 10 


45 +/- 5 


0.278 to 
0.335 


X/4 plate 
obligatory 


Oto 15 


90 to 110 


45+/- 10 


45 +/- 5 


0.1 10 to 
0.138 


XJ2 plate 
obligatory 


Oto 15 


90 to 70 


45 +/- 10 


45 +/- 5 


0.1385 


X/2 plate 
preferred 


0+/-5 


90 +/- 5 


45+/-10 


45 +/-5 


0.139 to 
0.168 


X/2 plate 
obligatory 


Oto 15 


90 to 110 


45+/- 10 


45 +/- 5 



B) Reflective switching element having two polarisers 



25 



(dAn)Lc / pm 


Birefringent layer 


4W° 


^ PL /° 
preferably 


0.1 10 to 0.138 


X/4 plate 
obligatory 


90 to 70 


45 +/- 5 


0.1385 +/- 
0.0004 


X/4 plate 
preferred 


90 +/- 5 


45 +/- 5 


0.139 to 0.168 


X/4 plate 
obligatory 


90 to 110 


45 +/- 5 



C) Reflective switching element having one polariser 



(dAn) L c / pm 


Birefringent layer 


¥pl/° 


0.110 to 0.138 


X/4 plate 
obligatory 


45 +/- 5 


0.1385 +/- 
0.0004 


X/4 plate 
preferred 


45 +/- 5 


0.139 to 0.168 


X/4 plate 
obligatory 


45 +/- 5 



35 

Note: the term XI2 plate in the above table expressly also covers two X/4 
plates. 
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The angle Trd is preferably 0° +/- 5°, particularly preferably 0° +/- 2° and 
very particularly preferably 0° +/- 1°. 

The following table (Table 2) shows preferred combinations of the optical 
5 retardations of the liquid-crystal layer and, if present, of the birefringent 
layer with the twist angles of the liquid-crystal layer. 

Table 2: Preferred parameter combinations 

A) Transmissive or transflective switching element having a birefringent 
1 0 layer 



(d-An)Lc 


(d-An)os 


*/° 




Preferably 


Part. pref. 


XI2 


XI A 


0 +/- 20 


0+/-8 


0 +I-A 


XI A 


XI2 


0 +/- 20 


0 +/-8 


0 +/-4 


XI A 


2* (XI A) 


0 +/- 20 


0 +/-8 


0+/-4 



B) Transmissive or transflective switching element with no birefringent 
layer 



(d-An) LC IX 


<b/° 


Unswitched 


Switched 




Preferably 


Part. pref. 


1 12 


0 


0 +1-6 


0 +/- 0.5 


0 +/- 0.3 


1 IA 


0 


0+/-6 


0 +/- 0.5 


0 +/- 0.3 



25 

The liquid-crystal switching elements in accordance with the present in- 
vention act as light valves on application of a voltage. This is shown, for 
example, in Figures 1 and 2 for the liquid-crystal switching elements of the 
first preferred embodiment of the present application. With crossed polar- 

30 isers, the switching element in the voltage-free state, the "off state", 

transmits light (known as "normally white" or alternatively positive contrast). 
With increasing applied voltage, a threshold is initially reached from which 
the transmission begins to drop. The transmission then drops in a virtually 
linear manner with increasing voltage over a relatively broad voltage range. 

35 At higher voltage, the transmission comes up against a limit, and satura- 
tion is reached. 
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The liquid-crystal switching elements are preferably addressed in such a 
way that the optical retardation of the liquid-crystal layer in the case of 
complete switching approaches 0 nm or at least essentially 0 nm. This 
naturally does not exclude the addressing of grey shades with the inter- 
mediate values required for this purpose. 

It goes without saying that in order further to improve the optical proper- 
ties, the display elements in accordance with the present invention may 
contain further optical layers. These layers can be, for example, compen- 
sation layers, which are employed, in particular, in display elements having 
a twist of the liquid-crystal layer which is different from 0°, or alternatively 
films which collimate the light, for example from backlighting, such as the 
so-called "brightness enhancement films" (BEF) or cholesteric circular po- 
larisers for utilisation of the half of the backlighting light which is otherwise 
absorbed by the polariser. 

The display of coloured images using the display elements in accordance 
with the present invention is possible in various ways. Backlighting having 
an approximately white spectral distribution is preferably used, and the 
colour splitting carried out by a colour filter. The individual liquid-crystal 
switching elements are then employed as light valves for the respective 
primary colours. The backlighting can also be matched to the spectral 
characteristics of the colour filter in such a way that it has corresponding 
intensity maxima in the respective transmission regions. However, colour 
display can also be achieved by birefringence effects. 

The liquid-crystal switching elements according to the invention and in par- 
ticular the reflective switching elements preferably operate in normally 
white mode (for the polariser setting, cf. Figure 3 and the associated de- 
scription). 

Liquid-crystal mixtures which are used in the liquid-crystal switching ele- 
ments according to the invention preferably comprise from 3 to 27, 
particularly preferably from 1 0 to 21 and very particularly preferably from 
12 to 18, individual compounds. The individual compounds preferably em- 
ployed preferably each contain a 1 .4'-frans-frans-bicyclohexyIene unit of 
the sub-formula i: 
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where 

Z is a single bond, -CH 2 CH 2 - or -CF 2 CF 2 - and 

n is 1 or 2. 

10 

It is also possible here for one or preferably two non-adjacent -CH 2 - groups 
in one of the cyclohexane rings to be replaced by oxygen atoms or for two 
adjacent -CH 2 - groups to be replaced by one -CH=CH- group. 

jj -is In the case of compounds having a total of only two six-membered rings, it 
3 is also possible, if desired, for one of the two cyclohexane rings to be re- 

W placed by 1 .4-phenylene, which may also, if desired, be laterally difluorina- 

J ted or preferably monofluorinated. 

T 20 The "quid-crystal mixtures preferably comprise one or more compounds 
O containing a structural unit of the formula i in which n is 2. 

IrS ■ 

W The 'iquid-crystal mixtures used in the liquid-crystal switching elements ac- 

JrJ cording to the invention preferably comprise 

25 

- a component A consisting of compounds having 2 six-membered rings, 

- a component B consisting of compounds having 3 six-membered rings, 
and, if desired, 

- a component C consisting of compounds having 4 six-membered rings. 

30 

The liquid-crystal mixtures preferably essentially consist of components A, 
B and, if desired, C. 

Particularly preferred liquid-crystal mixtures comprise one or more 

35 

dielectrically neutral compounds of the formula I 
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in which 

R 11 is n-alkyl having from 1 to 5 carbon atoms, 

R 12 is n-alkyl having from 1 to 5 carbon atoms, 1 E-alkenyl, pref- 
erably vinyl, or n-alkoxy having from 1 to 6 carbon atoms, 

optionally dielectrically positive compounds selected from the group 
consisting of the formulae II and II' 




II 



in which 

R 21 is n-alkyl or 1 E-alkenyl having from 3 to 7 or from 2 to 8, 
preferably from 5 to 7 or from 4 to 6 carbon atoms respec- 
tively, 

Z 2 is a single bond or -CH 2 CH 2 - 
and 

X 2 is OCF 3 , CF 3 or CH2CH2CF3, preferably CF 3 or CH 2 CH 2 CF 3 , 



Y 2 ' 




II 



in which 
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R 



2* 



is n-alkyl or 1 E-alkenyl having from 3 to 7 or from 2 to 8, 
preferably having from 5 to 7 or from 4 to 6 carbon atoms re- 
spectively, 



is a single bond or-CH 2 CH 2 -, 



X 



2' 



is OCF 2 H, OCF3 or F, preferably F, 



and 



Y 2 ' and Z 2 ', independently of one another, are H or F, 



and 



compounds of the formula III 




in which 



R 



31 



is n-alkyl or 1 E-alkenyl having from 2 to 7, preferably 
from 2 to 5, carbon atoms, 



Z 31 and Z 32 may each be a single bond of Z 31 and Z 32 and -Ch 2 CH 2 - 
or -CF2CF2-, preferably -CH 2 CH 2 -, but particularly pref- 
erably are both a single bond, 



X 3 



is OCF 2 , OCF3 or F, 



Y 3 and Z 3 , independently of one another, are H or F, 



in the case of 

X 3 = OCF 2 both Y 3 and Z 3 are preferably F, 
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in the case of 

X 3 = F both Y 3 and Z 3 are preferably F, 

5 

in the case of 

X 3 = OCF 3 one of Y 3 and Z 3 is preferably F, and the other is H, 

optionally one or more compounds selected from the group consisting 
1 0 of the compounds of the formulae IV and V 



15 



25 



R 4 — < a >-< y-coo 





IV 



IE in which 



20 R 4 is n-alkyl or 1 E-alkenyl having from 2 to 5, preferably hav- 

ing from 2 to 5 carbon atoms, 





is — \ / — or / 

X 4 is OCF 2 H, OCF3 or F, preferably F or OCF 3 , 

Y 4 and Z 4 , independently of one another, are H or F, 



30 in the case of 

X = F and 

both Y 4 and Z 4 are preferably F 



35 



in the case of 

X = OCF3 and particularly preferably in the case of 

one of Y 3 and Z 3 is F, and the other 
is H. 
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15 



25 



35 




V 



in which 

10 R 5 is n-alkyl or 1 E-alkenyl having from 2 to 5 carbon atoms, 

Z 51 is a single bond or -CH 2 CH 2 -, 



X 5 is F, OCF 3 or OCF 2 H, 



Y and Z 5 , independently of one another, are H or F, 

preferably 

20 x 5 , Y 5 and Z 5 are all F, 

optionally one or more compounds of high clearing point selected from 
the group consisting of the compounds of the formulae VI to XI 



,61 






R — \ y-\ y-coo— < >-r 62 vi 





30 R?1 -< > ^ >~oh 2 o~< Wr 72 v„ 






r8 M >-< >-coo-^ O W \_r« 




VIII 
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in which R 71 and R 72 , R 81 and R 82 , R 91 and R 92 , R 10 and R 11 are each, in- 
dependently of one another, as defined above for R 11 and R 12 in the 
formulae I, 

L 81 and L 91 are H or F, and 

X 10 , Y 10 and Z 10 , and X 11 , Y 11 and Z 11 are each, independently of one an- 
other, as defined above for X 3 , Y 3 , and Z 3 in the formulae III. 

The liquid-crystal mixtures in accordance with the present application pref- 
erably comprise from 4 to 36 compounds, particularly preferably from 6 to 
25 compounds and very particularly preferably from 7 to 20 compounds. 

Particularly preferred liquid-crystal mixtures comprise one or more com- 
pounds selected from the group consisting of the following compounds 
from Table 3 and especially preferably in each case one or more com- 
pounds of at least three, preferably of at least four, different formulae of 
those listed in Table 3 below. 
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Table 3: Preferred compounds 



5 C n H 2n + 1 




C H 

-|q m 2m+1 



CH 



15 



n 2n+1 



CH 



n 2n+1 



20 





COO ( O 



CCPC-nm 




O 



CPCC-n-m, 




CH 2 0- 



CCOC-n-m 




coo- 



CH-nm 




m n 2m+1 




C n H 2n+l 




C m H 2m+1 



25 



CH 



n 2n+1 




O V-F 



30 



CH 



n 2n+1 



CCP-nF.F.F 

F 




O ^OCHF„ 



35 



CCP-nOCF2.F.F 
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5 



20 



25 



30 



35 



F 




F 

CDU-n-F 



10 C n« /-\ r \ ° ^ OCF 3 




CCP-nOCF3 

F 



15 c n H 2 -^< >-( y-^ o V-ocf 3 




CCP-nOCF3.F 




c n H 2 ^ y-\ y-coo — ( o y-F 

V 

CCZU-n-F 

O 



C n H 2 ^Y_ ) <^J>— COO <JD /-OCF 




3 



DCZG-n-OT 



F 



C n H 2 ^r\ > CHjCHj-C ) ( O ^>-F 

F 

CEDU-n-F 
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CC-n-V 

15 



CF 3 



CCH-nCF3 




F 

CCG-(c n)m-F 
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5 



10 




CCOIC-n-T or CHO-nT 



20 



25 



30 




CC-n-(S)m 



The temperature range of the nematic phase preferably extends from 
-20°C to 60°C, particularly preferably from -30°C to 70°C and very par- 
ticularly from -40°C to 80°C. The birefringence is preferably from 0.040 to 
0.070, particularly preferably from 0.050 to 0.065 and very particularly 
preferably from 0.054 to 0.063. The rotational viscosity is preferably from 
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60 to 170 m Pa s, particularly preferably from 80 to 150 m Pa s and very 
particularly preferably from 90 to 139 m Pa s. The threshold voltage (V10) 
in the switching elements according to the invention is preferably from 0.9 
V to 2.7 V, particularly preferably from 1.1 V to 2.5 V and very particularly 
preferably from 1 .2 V to 2.0 V. The sum response times for switching be- 
tween V 10 and V 90 and back in the switching elements according to the 
invention are preferably at most 100 ms, particularly preferably at most 
80 ms, very particularly preferably 60 ms or less. For faster applications, 
the sum response times are 50 ms or less, preferably 45 ms or less, par- 
ticularly preferably 40 ms or less, especially 40 ms or less and very 
particularly preferably 30 ms or less. 

Furthermore, the preferred parameters of the liquid-crystal mixtures can 
readily be gathered by the person skilled in the art from the examples 
shown below. In particular, the preferred ranges for the physical properties 
of the liquid-crystal mixtures and their combinations are those which are 
covered by the values in the examples. 

The liquid-crystal mixtures particularly preferably essentially consist of 
compounds selected from the group consisting of the compounds of the 
formulae I, II, II s and III to XL 

The liquid-crystal media employed in the liquid-crystal switching elements 
in accordance with the present invention preferably consist of from 3 to 35 
compounds, particularly preferably of from 4 to 25, very particularly pref- 
erably of from 5 to 20 and especially preferably of from 6 to 15 com- 
pounds. 

The preferred d/P range is from -0.25 to 0.25. For the lowest possible ad- 
dressing voltages, a d/P in the range from -0.1 to 0.1 , particularly 0, is 
preferred. For optimum display of grey shades and in order to suppress in- 
verse contrast, d/P values having a figure of from 0.1 to 0.25, particularly 
from 0.15 to 0.24, are preferred. 

In the present application, the following apply, unless expressly stated oth- 
erwise: 
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- the physical properties were determined as described in: Merck Liquid 
Crystals, Physical Properties of Liquid Crystals, Description of the 
Measurement Methods, Ed. W. Becker, Status Nov. 1997, 

5 - all physical data are given for a temperature of 20°C, 

- all temperatures are given in °C and all temperature differences in dif- 
ferential degrees, 

- all concentration data are in % by weight, 

- An (An = nn - n x ) relates to 589.3 nm, 
10 - As (As = en -sx) relates to 1 kHz, 

- yi: rotational viscosity, 

- kn: elastic constants, 

- X is 576 nm, 

\* - V 0 : capacitive threshold or alternatively Freedericks threshold, 

J2 15 - V 10 : threshold voltage (for 1 0% relative contrast, 0 = 0°), 
ijj - V 50 : mid-grey voltage (for 50% relative contrast, 0 = 0°), 

- V 90 : saturation voltage (for 90% relative contrast, © = 0°), 

- Tdeiay- dead time from 0% to 10% change in the relative contrast, 
!; P - Tn Se : rise time from 10% to 90% change in the relative contrast, 

h 20 - W switch-on time from 0% to 90% change in the relative contrast, 
M=- - Toff: switch-off time from 90% to 1 0% change in the relative contrast, 

- Tsum: sum response time = x on + T 0 ff f 

- O and O': observation angle in the display plane, 

- 0: observation angle from the display normal, 
25 - <j>: twist angle of the liquid-crystal director between the two substrates, 

- cp: tilt angle of the liquid-crystal director, 

- cp 0 : tilt angle of the liquid-crystal director at the substrate surface or at 
the alignment layer, 

- <p M : tilt angle of the liquid-crystal director in the centre of the liquid- 
30 crystal layer, 

- ^pp (identical with Tpa): angle between the transmission axes of the 
polarisers, 

- ^Fpd: angle between the transmission axis of the polariser and the fast 
axis of the birefringent layer, 

35 - ^ PL and ^al' angle between the transmission axis of the polariser or of 
the analyser and the alignment direction of the liquid-crystal material at 
the respective adjacent substrate, 
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=3=~ 

hi 



- the electro-optical properties and response times were determined with 
rectangular alternating voltage addressing with a frequency of 60 Hz, 

- the stated voltage values are root mean square (rms) values, 
5 - "essentially 0" means, unless stated otherwise, 0 +/- 1 , preferably 

0 +/- 0.1 and particularly preferably 0 +/- 0.1 , 

- "essentially" in connection with physical properties means, unless 
stated otherwise, with a deviation of not greater than +/-10%, preferably 
+/- 5% and particularly preferably +/- 2% of the respective value, 

1° - "essentially consisting of means, unless stated otherwise, that the pro- 
portion of other constituents is not greater than 10%, preferably not 
greater than 5% and particularly preferably not greater than 2%, 

- the numerical values given in the present application are, unless stated 
otherwise, accurate to +/- one unit in the final place given, 

1 5 . limits of the ranges indicated are, unless stated otherwise, inclusive, 
but preferably exclusive, 

- >= and <= , >/= and </=, and > and < in each case mean less than or 
*J equal to or greater than or equal to respectively, and 

a '" - +/- means plus or minus. 

Q 20 

C The rotational viscosity of the nematic liquid-crystal mixture ZLI-4792 

(Merck KGaA) at 20°C using the calibrated rotational viscometer was 
133 mPa-s. 

The electro-optical properties were investigated in test cells from Merck 
25 KGaA's production: 
Layer thickness: 

Glass: borosilicate glass with a thickness of 1.1 mm (Pilkington) 
ITO: 100 ohm/square inch (Q/square inch) 
Alignment layer: AL-1054 from Japan Synthetic Rubber, Japan, 
30 Tilt angle: from 1° to 2° (determined using liquid-crystal material ZLI-4792 
from Merck KGaA, Germany, 

Twist angle: 0° (glass plates subjected to antiparallel rubbing), 
d/P: 0 (undoped). 

35 The optical and electro-optical properties of the test cells were measured 
in commercial instruments from Autronic-Melchers, Karlsruhe, Germany 
(DMS 301 and DMS 703) and in addition in a home-made instrument from 
Merck KGaA, in each case using white light. The home-made instrument 
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uses a photomultiplier as detector and a filter for matching the addressing 
sensitivity of the detector to the sensitivity curve of the human eye. 

5 In the home-made instrument from Merck KGaA, the XI A layer was perma- 
nently mounted as a platelet in the ray path. In the case of the 
measurements with the DMS 703, a X/4 film of liquid-crystalline polymer 
from Merck Ltd, Great Britain, was used. 

10 In the present application and in particular in the examples, the liquid- 
crystal compounds are denoted by abbreviations. The coding of the struc- 
tures is obvious and is carried out in accordance with Tables A and B. All 
groups C n H 2n+1 , C m H 2m+1 C,H 21+1 and C k H 2k+1 are straight-chain alkyl chains 
having n, m, I and k carbon atoms respectively. The coding in Table B is 

1 5 self-explanatory. Table A shows only the respective skeletons of the 

structures. The individual compounds are indicated below through specifi- 
cation of the designation of the core followed, separated by a dash, by the 
designation for the substituents Ri, R2, U and L2: 



25 



30 



35 
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5 


Code for Ri, 
R2, L\ L2 


Ri 


R2 


V 


L2 




nm 


C n H2n+1 


C m H2m+i 


H 


H 




nOm 


C n H 2n +i 


OC m H 2m +i 


H 


H 




nO.m 


OC n H 2n +l 


C m H 2m +i 


H 


H 


10 


n 


C n H 2n +i 


CN 


H 


H 




nN.F 


C n H 2n+1 


CN 


F 


H 




nOF 


OC n H 2n+ i 


F 


H 


H 




nCI 


C n H 2n+ i- 


CI 


H 


H 


l Z) 


nCI.F 


C n H 2n +i 


CI 


F 


H 


nCI.F.F 


C n H 2n+ -i 


CI 


F 


F 




nF 


C n H 2n+ i 


F 


H 


H 




nF.F 


C n H 2n+ i 


F 


F 


H 




nF.F.F 


C n H 2n +i 


F 


F 


F 


20 


nmF 


C n H 2n+ i 


C m H 2 m+l 


F 


H 




nCF 3 


C n H 2n+1 


CF 3 


H 


H 




nOCF 3 


C n H 2n +i 


OCF 3 


H 


H 




nOCF 3 .F 


C n H 2n+1 


OCF 3 


F 


H 


25 


nOCF 3 .F.F 


C n H 2n +i 


OCF 3 


F 


F 




nOCF 2 


C n H 2n+ i 


OCHF 2 


H 


H 




nOCF 2 .F 


C n H 2n +i 


OCHF 2 


F 


H 




nOCF 2 .F.F 


C n H 2n +i 


OCHF 2 


F 


F 


30 


nS 


C n H 2n +i 


NCS 


H 


H 


nVsN 


C r H 2r+ -|-CH = CH-C s H 2s - 


CN 


H 


H 




nEsN 


C r H 2r+ -i-0-C s H 2s - 


CN 


H 


H 




nAm 


QnH 2n +1 


COOC m H 2m +i 


H 


H 



35 
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Table A: 
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L 1 




25 CPTP-n(Q)mFF 
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M3n 



BCH-n.FX 





C 2 H 4 — / O V- ( O V-C m H 



'm 1 '2m+1 



Inm 



10 



^n^2n+1 




CGU-n-X 



^n H 2nt1 




CH 3 

OCC-C m H 2m+1 C2H5 . CH . CH2 .o 



15 



C-nm 

CH, 




C 2 H S -CH-CH 2 — ( O ) — ( O )-CN 




O >— < O V-CN 



C15 



20 



CB15 




C m H 2m+1 



25 



C n H 2n+1 




V 



C m H 2m+1 



CBC-nmF 



30 



CN 




^m H 2m+1 



CCN-nm 





C n H 2n+1 — i ^CH 2 CH 2 -< O >-CN 



G3n 



35 



C n H 2n+1 




CH 2 CH 2 — ( O 




C m H 2m+1 



CCEPC-nm 
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35 CHE 
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ECBC-nm 



5 C n H 2n+1 



10 





C m H 2m+1 C n H 2n+1 




CCH-n1EM 



-C 2 H 4 
ECCH-nm 

-^oy^oy^y-cH c^o— (o^— (o)-cn 

F F 

T-nFN B-nO.FN 



CH 2°- C m H 2m + 1 



15 



20 



^n^2n+1 




CVCC-n-m 



C n H 2n+1 



CVCP-n-m 




OKH 



m 2m+1 



25 



C n H 2n+1 




C m H 2m+1 



30 



CVCVC-n-m 



H 2 C = CH 




CP-V-N 



O ) — CN 



C n H 2rvH 




CH = CH, 



35 



CC-n-V 



H 2 C = CH - 




O ) — F 
F 
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CCG-V-F 




° >-C m H 2m+1 



C n H 2n+1 " 



CPP-nV2-m 



10 H 2 C = CH 




° V-C m H 2mt1 



CCP-V-m 



b 15 — / 



//" 



:S CCP-V2-m 



20 h.C^hH^ - ^}"^) -0 ^ 1 
CPP-V-m 



25 C n H 



2n+1 



CPP-nV-m 



30 /r f 




O ) ( O ) — CH 



m '2m+1 



H 2 C 



CPP-V2-m 



35 h 2C=CH -h^^-<^>-CH=CH 5 



cc-v-v 
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CC-1V-V1 



10 



CC-2V-V2 



20 



CC-2V-V1 



25 
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CH 3 -CH=CH-( M >"CH=CH 2 



CC-1V-V 



CH 3 -CH=ChK >-< >-CH=CH-CH3 





CH 3 -CH 2 -CH=CH-< M >-CH=CH 2 



CC-2V-V 



15 CH 3 -CH 2 -CH=CH-X M >-CH=CH-CH 2 -CH 3 




CH 3 -CH 2 -CH=CH-< M >-CH=CH-CH 2 




CH 2 =CH-CH 2 -^ 7 y-^>-CH=CH 2 
CC-V1-V 




CH 2 =CH-CH 2 -^_M h CH 2- CH=CH 2 
CC-V1-1V 




3Q CH 2 =CH-CH 2 -CH 2 -< M >-CH 2 -CH=CH 2 
CC-V2-1V 




F F 

35 

PCH-n(0)mFF 
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5 




W 2m+1 



CCPC-nm 

10 



15 



20 



25 




F 

CCP-nF.F.F 



C n H 2 -^VO _ ^)' OCF3 

CCP-nOCF3 

35 
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>. 



F 




CCP-nOCF2.F.F 

F 




CCZU-n-F 

F 




CEDU-n-F 
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C n H 2n+1 




C m H 2m+1 



CCH-nm 



10 



C n H 2n + 1 




0C m H 2m+1 



CCH-nOm 



15 




C 5 H 11 

CC-n-V 



20 



25 




^n^2n+1 




CF, 



CCH-nCF3 



CH 2 CH 2 CF 3 



CCH-n2T 



30 



C n H 2nH 




CHXH 



2 VI '2 




CF, 



ECCH-nCF3 



35 



C n H 2n+1 




PCH-nF 



eye (C n H 2n _.,) — (CH 2 ), 
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5 



10 



15 



20 



25 



30 



35 



C H 



n' 2n+1 



CCG-(c n)m-F 




C n H 2nTT~\ / ( /^T C m H 2m + 1 




C I H 2H1\ / \ /~ C k H 2k + 1 



CCTTCC-n-m-l-k 




^n^2n^i < \^^)' (^^^ OCH 2 <^^> CF 3 




3 

CCOIC-n-T or CHO-nCF3 

C C,H 2I+1 



C n H 2nTT\ / \ / C m H 2m+1 





CC-n-(T l)m 



C n H 2ri^1\ / \ / _C m H 2m+1 




= CH 



CC-n-(T)m 

F 
F 

CCS-n 

NCS 

C n H 2n^r\ } { 7~ C m H 2m + 1 






CC-n-(S)m 

The liquid-crystal mixtures of the present invention preferably comprise: 
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- four or more compounds selected from the group consisting of the 
compounds from Tables A and B and/or 

- five or more compounds selected from the group consisting of the 
compounds from Table B and/or 

- two or more compounds selected from the group consisting of the 
compounds from Table A. 

The effect of the present invention is illustrated below with reference to 
figures and examples and compared with the prior art. 



Examples 



M- The following examples are intended to explain the present invention with- 

pr 15 out restricting it in any way. However, the descriptive embodiments are 

yj preferred and confirm the variation range for the various parameters of the 

^ liquid-crystal switching elements and those of the liquid-crystal mixtures 

jg and their composition. The person skilled in the art will be able to deduce 

& preferred ranges for these conditions and properties directly from the ex- 

q 20 amples. 



Example 1 

A liquid-crystal switching element having an antiparallel edge alignment 
25 and a polyimide alignment layer, a twist angle of 0° and a surface tilt angle 
of 1 .4° was produced. The switching element contained a XI A layer and 
crossed polarisers, which adopted an angle of 45° to the rubbing direction 
of the substrates. The construction of the liquid-crystal switching element 
corresponds to the structure shown in Figure 1. The optical retardation of 
30 the liquid-crystal layer was 0.277 (jm. The composition of the liquid-crystal 
mixture used is indicated in the following table, together with the properties 
of the mixture as such, and the characteristic voltages in the switching 
element according to the invention. 



35 
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10 



15 



Onmnn^if inn 


Conr /% 


Prnnprtip*^ 


CCH-301 


5.0 


Transition T (S,N) < -30.0°C 


CH-33 


3.0 


Clearing point T (N,l) = +68.0°C 


CH-35 


3.0 


An (589 nm, 20°C) = +0.0602 


CCP-2F.F.F 


6.0 


As(1 kHz, 20°C) = +10.3 


CCZU-2-F 


6.0 


yi (20°C) = 161 m Pas 


CCZU-3-F 


16.0 


d • An = 0.277 \xm 


CCZU-5-F 


6.0 


Twist = 0° 


CDU-2-F 


10.0 


V 0 (20°C) = 0.99 V 


CDU-3-F 


12.0 


V10 (20°C) = 1 .29 V 


CDU-5-F 


8.0 


V 50 (20°C) = 1.76 V 


CCH-3CF3 


9.0 


V 90 (20°C) = 3.15 V 


CCH-5CF3 


12.0 




CCPC-34 


4.0 




S 


100.0 





The liquid-crystal switching element was firstly investigated with respect to 
20 its transmission on variation of the analyser angle. The result is shown in 
Figure 3. The optical retardation was 277 nm. 



It can be seen that minimal transmission occurs in the voltage-free state 
with parallel polarisers, i.e. in each case at angles ^Fpp of 0°, 180° and 
25 360°, and that this minimal transmission drops virtually to 0%. These po- 
larisation settings, which are identical with one another, correspond to the 
normally black mode. By contrast, with crossed polarisers, i.e. at angles 
^pp of 90° and 270°, which correspond to the normally white mode, maxi- 
mum transmission occurs. 

30 

The electro-optical characteristic line was then recorded at various obser- 
vation angles both with the home-made instrument and with the instrument 
from Autronic-Melchers. The results obtained with the home-made instru- 
ment for two cells in normally black mode at two observation angles 0 (0 = 
35 0° and © = 30°) in the quadrant having the best contrast (O = -45°) are 
shown in Figure 4 by way of example. The definition of the observation 
angles © and O is shown in Figure 2. 
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Figure 2 shows the definition of the observation angles in the plane of the 
display (O and 0>') and perpendicular to the normal (0). 

5 Figure 4 shows the resultant transmission voltage characteristic lines for 
two switching elements. The results for the different cells were so readily 
reproducible that they are in each case reproduced in a single curve. Two 
curves are shown. The first curve shows the results for the two different 
cells for © = 0°. The second curve applies to © = 30° and <D = -45°. It 

1 0 clearly shows the flatter rise in the characteristic line at a greater viewing 
angle ©. 

The maximum transmission in the fully switched state is about 45%. It is 
essentially determined by the transmission of the polarisers. At high ad- 
1 5 dressing voltages of from about 6 to 7 V, very high transmission is 

achieved. The minimum transmission is predominantly dependent on the 
degree of polarisation of the polarisers used. 

The spectral distribution of the transmission for the switching element ad- 
20 dressed with various voltages was subsequently determined. The results 
are shown in Figure 7. Here, the wavelength dependencies of the trans- 
mission of the liquid-crystal switching element according to the invention 
are shown as continuous curves compared with those of a TN display 
having a d-An = 0.5 pm from Comparative Example 1 (dashed curves). 
25 The three sets of curves correspond to the addressing voltages for 10, 50 
and 90% relative contrast. It is striking that the spectral distribution in both 
switching elements is virtually identical, and that the spectrum is virtually 
colourless. At most a slight drop in the integral transmission can be ob- 
served in the element according to the invention compared with the TN 
30 switching element. 

The transmission of the addressed element in the hemisphere above the 
element was then measured using the instrument from Autronic-Melchers, 
as shown in Figure 8b). Figure 8b) shows the results of the liquid-crystal 
35 switching element according to the invention from the present Example 1 

and Figure 8a) shows those of the conventional TN switching element from 
Comparative Example 1 . 
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In Figure 8, the depiction in polar coordinates has been selected (for the 
definition, see Figure 2). The transmission is determined for each point in 
the hemisphere above the liquid-crystal switching element with a fixed ad- 

5 dressing voltage which results in a minimum transmission of 10%. Points 
of equal transmission are denoted by the same grey shade. The isotrans- 
mission lines are staggered at separations of 10% absolute in each case. 
The darkest region corresponds to a transmission of from 0% to 10% in- 
clusive, the next grey region from more than 10% to 20% inclusive, the 

10 pale grey region from more than 20% to 30% inclusive, and so on, the 

lower limit always being exclusive and the upper limit inclusive. The other 
regions having a transmission of greater than 30% are not shaded in grey. 

In direct comparison of Figures 8b) and 8a), the significantly lower viewing- 
1 5 angle dependence of the transmission of the switching element according 
to the invention in Figure 8b) is clearly evident. 

Finally, isocontrast measurements were carried out on liquid cells in ac- 
cordance with the present invention and on comparative cells using the 
20 instrument from Autronic-Melchers. In these measurements, the two ad- 
dressing voltages used were the threshold voltage (Vi 0 ) and the saturation 
voltage (V 90 ) of the respective cell. The results are shown in Figure 9. 

The two addressing voltages were 1.13 V and 2.64 V for the cell of the 
25 present example. The result is shown in Figure 9a). The individual curves 
stand from the inside outward successively for contrast ratios of 7, 5, 3, 2 
and 1. The maximum contrast ratio here was 9.6, and the minimum con- 
trast ratio 0.58. The viewing-angle dependence of the contrast ratio (CR) 
over the entire viewing-angle range is thus very low. Only moderate in- 
30 verse contrast occurs, with CR min = 0.58, with inverse contrast being 
denoted as contrast ratios of less than 1 . 

Figure 9c) shows for direct comparison the results for the TN switching 
element of Comparative Example 1 . The individual curves stand from the 
35 inside outward successively for contrast ratios of 1 0, 7, 5, 3, 2 and 1 . Sig- 
nificant inverse contrast occurs here. 



REPLACEMENT SHEET (RULE 26) 



WO 01/07962 



-52- 



PCT/EP00/06879 



Furthermore, response times for various switching voltages were deter- 
mined. Illustrative results are listed in Table 4. In particular in comparison 
with the results for the TN switching element of Comparative Example 1 , 
the surprisingly short response times of the switching elements according 
to the invention are notable. The response times were determined from 
three different addressing conditions. In the first two series, the response 
times were determined from a change from a voltage of 0 volts to a fixed 
value and back. In the first series, the voltage of the switched-on state was 
9.9 volts and in the second series it was 5.0 volts. In the third series, 
switching was carried out from V i0 to V 90 and back. This corresponds to 
the switching of a display between two grey shades. The results are shown 
in the following table (Table 4). 



Table 4: Response times 



20 



25 



No. 


Example 
No. 


Voff 

/V 


Von 
/V 


Tdelay 

/ms 


Trise 

/ms 


ton 

/ms 


Toff 

/ms 


Tsum 

/ms 


1 


CE 1 


0 


9.9 


2.60 


0.78 


3.39 


52.3 


55.7 


2 


1 


0 


9.9 


1.43 


0.78 


2.23 


25.2 


27.4 


3 


CE 1 


0 


5.0 






9.6 


52.3 


56.5 


4 


1 


0 


5.0 






9.6 


24.8 


28.1 


5 


CE 1 


1.11 


1.73 


3.39 


34.4 


37.8 


83.6 


121.4 


6 


1 


1.26 


3.07 


0.65 


8.98 


9.64 


32.8 


42.4 



30 Comparative Example 1 

A liquid-crystal switching element was produced and investigated analo- 
gously to Example 1 , but now a TN switching element having an optical 
retardation of 0.50 \im, without a further birefringent layer, with crossed 
35 polarisers, which were also crossed to the rubbing directions. 
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The composition of the liquid-crystal mixture used is shown in the following 
table, as are the properties of the mixture and the characteristic voltages of 
the TN element. 



Composition 


Conc./% 


Properties 


BCH-2F.F 


9.0 


Clearing point T (N,l) = +69.5 C 


BCH-3F.F 


9.0 


An (589 nm, 20°C) = +0.1039 


BCH-3F.F.F 


5.0 


As(1 kHz, 20°C) = +10.2 


BCH-5F.F.F 


7.0 


yi (20°C) = 156 m Pa s 


CGU-2-F 


10.0 


d • An = 0.50 \ixr\ 


CGU-3-F 


9.0 


Twist = 90° 


CCP-3F.F.F 


10.0 


V 0 (20°C) = 0.94 V 


CCP-5F.F.F 


6.0 


Vi 0 (20°C) = 1.08 V 


CCZU-2-F 


4.0 


V 50 (20°C) = 1.35 V 


CCZU-3-F 


13.0 


V 90 (20°C) = 1.72 V 


CCG-V-F 


15.0 




BCH-32 


3.0 




2 


100.0 





The electro-optical characteristic line of the TN switching element is shown 
in Figure 5. Cells were investigated at 0 = 0°. The results were identical. 
Compared with Figure 4, Figure 5 shows that the characteristic lines of the 
TN switching element having d«An of 0.5 pm (corresponding to the 1st 
Gooch and Tarry minimum) of this Comparative Example 1 are signifi- 
cantly steeper and thus less favourable for the display of grey shades than 
those of the liquid-crystal switching element according to the invention 
from Example 1 . 

It should be noted here that both in normally white mode and in normally 
black mode, the reduction in the steepness of the characteristic line of the 
switching elements according to the invention is most pronounced at high 
voltages, in contrast to the prior art. Since the human eye reacts more 
sensitively to changes in transmission in the region of low transmission 
(i.e. lower brightness) than in the region of high transmission (i.e. greater 
brightness), the effect is more favourable in normally white mode than in 
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normally black mode since it occurs in the region of lower transmission in 
normally white mode. 

The spectral distribution of the transmission is compared in Figure 7 di- 
rectly with that of the element from Example 1 and has already been 
discussed in Example 1 . 



Figure 8a) shows the isotransmission results for this Comparative Example 
10 1 , which were obtained under the same conditions as the results for Ex- 
ample 1. The results have already been discussed in Example 1. 

Figure 9c) shows the isocontrast results obtained under the same condi- 
tions as in Example 1. The two addressing voltages were 1.07 V and 1.71 

15 V, corresponding to V 10 and V 90 respectively. The individual curves stand 
from the inside outward successively for contrast ratios of 10, 7, 5, 3, 2 
and 1. The maximum contrast ratio was 15, and the minimum contrast ra- 
tio was 0.43. The viewing-angle dependence of the contrast is thus 
obviously much more pronounced than in the case of the switching ele- 

20 ments from Examples 1 and 2. In addition, significant inverse contrast 

occurs. The apparently greater maximum contrast ratio compared with Ex- 
amples 1 and 2 is presumably attributable to the measurement conditions. 
In separate measurements of the transmission with vertical observation 
and with addressing with sufficiently high voltages, the same contrast was 

25 determined for all three types of switching element. 

The response times are also shown in Table 4. As is clearly evident from 
Table 4, the sum response time of the switching element according to the 
invention is virtually halved under each of the three addressing conditions 

30 compared with that of the conventional TN switching element. This is all 
the more surprising since both switching elements have the same layer 
thickness (in each case 4.8 pm). Even the rotational viscosities cannot ex- 
plain the observed change in the response times. The rotational viscosity 
of the liquid-crystal mixture from Example 1 is virtually exactly as large as 

35 that of the liquid-crystal mixture of Comparative Example 1 . It is even 
about 3% greater, from which a corresponding small increase in the re- 
sponse times for the switching element according to the invention would 
rather have been expected. 
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Example 2 

5 A switching element like that of Example 1 was produced, with the con- 
struction apart from one exception. No A/4 layer was used. 

The switching element had virtually the same electro-optical characteristic 
lines at an observation angle of 0° as that of Example 1 , both in the home- 
1 0 made instrument and in the instrument from Autronic-Melchers. The 
maximum contrast was also virtually identical with that of Example 1. 

The viewing-angle dependency of the contrast was excellent on visual as- 
sessment. This was confirmed by measurement of the isocontrast curves 

1 5 under the same conditions as in Example 1 . As in Example 1 , the two ad- 
dressing voltages were 1.13 V and 2.64 V. The result is shown in Figure 
9b). The individual curves stand from the inside outward successively for 
the same contrast ratios as in Figure 9a), with merely the last curve being 
omitted, i.e. for 7, 5, 3 and 2. The maximum contrast ratio here was 10.0, 

20 and the minimum 1 .08. Thus, absolutely no inverse contrast at all occurred 
under these conditions. 

The direct comparison between the values for the switching elements of 
Examples 1 and 2 gives the following. Based on the observation angle 0, 

25 Example 2 clearly has the broader, i.e. better, viewing-angle range. The 

element of Example 2 is also slightly superior to that of Example 1 with re- 
spect to integral observation. By contrast, the viewing-angle range of the 
element from Example 1 is therefore significantly better with respect to the 
observation angle O. This is particularly evident in the region of the quad- 

30 rant having the lowest contrast. The viewing-angle range of the switching 
element from Example 1 is significantly more centrosymmetrical. 

Example 3 

35 A switching element was produced as in Example 1 with a A/4 plate. How- 
ever, the liquid-crystal material used here was ZLI-4792, a commercial 
product from Merck KGaA. This material has a birefringence of 0.0969. 
The layer thickness of the liquid-crystal layer was 5.1 pm. The electro- 
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optical characteristic line for a normally black switching element (having 
parallel polarisers) was determined at an observation angle of <D = -45° 
and 0 = 10°, as described in Example 1. The result is shown in Figure 6. 

5 

In this Figure 6, the characteristic line of a TN switching element having 
d-An of 0.50 }jm and of a switching element according to the invention, 
both with virtually the same capacitive threshold, also known as the Fred- 
ericks threshold, are shown in comparison. The curves were obtained at 
10 observation angles of © = 1 0°, O = -45°. In direct comparison with this liq- 
uid-crystal switching element from the prior art, it is striking that the 
switching element according to the invention has both significantly lower 
steepness than the comparable TN switching element and also exhibits 
absolutely no signs of inverse contrast, with virtually unchanged maximum 
P 15 transmission. The switching element according to the invention is conse- 
D quently significantly more suitable for the display of grey shades and in 

2 particular of colour shades. 



3 "pj 



20 Comparative Example 2 

A switching element was produced analogously to Example 3 using 
ZU-4792, but this time a TN switching element at the first transmission 
minimum (optical retardation 0.50 (jm) was produced as in Comparative 
25 Example 1 . As in Example 3, the electro-optical characteristic line was 

determined at an observation angle of O = -45° and 0 = 10°. The result is 
shown in Figure 6 for comparison with that from Example 3. 

The occurrence of inverse contrast, i.e. the reversal of the slope of the 
30 electro-optical characteristic line with increasing voltage, is clearly evident 
in the curve for the TN switching element from a voltage of about 2.4 volts. 
By contrast, the characteristic line of the switching element according to 
the invention is significantly flatter, i.e. has a smaller slope (also known as 
steepness), which is more suitable for the display of grey shades. In addi- 
35 tion, absolutely no inverse contrast at all occurs at this viewing angle in the 
switching element according to the invention. 
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Figure 6 shows the characteristic line of the liquid-crystal switching ele- 
ment according to the invention with that of the TN switching element from 
Comparative Example 1 . Both switching elements have virtually the same 

5 capacitive threshold, also known as the Freedericks threshold. The curves 
were obtained at observation angles of © = 10° and <J> = -45°. In direct 
comparison with this liquid-crystal switching element from the prior art, it is 
striking that the switching element according to the invention has both sig- 
nificantly lower steepness than the comparable TN switching element and 

10 also exhibits absolutely no signs of inverse contrast, with virtually un- 
changed maximum transmission. The switching element according to the 
invention is consequently significantly more suitable for the display of grey 
shades and in particular of colour shades. 

!^ 15 Further examples (No. 4 to 63) of switching elements and liquid-crystal 
O mixtures according to the invention are given in abbreviated form below. 

For simplification, only the characteristic voltages Vi 0 , V 50 and V 90 , which 
J5 were determined from the electro-optical characteristic lines for normally 

'if white switching elements according to Example 1 , as described therein, 

R " 20 are shown for the switching elements. 



25 



30 



35 
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Example 4 



Composition 


Conc./% 


Properties 




I H-.U 


i ransition i v^»»v < ~4-u.u Lr 




o.U 


uieanng point I (IN, I) - +/o.U G 




o.O 


An (589 nm, 20 C) = +0.0597 


ppn OCT C IT 


1U.U 


As (1 kHz, 20 C) = +5.5 


OUr-or.r.r 


12.0 


yi (20 C) [m Pa s] 


ppn err r- IT 

UUr-Or.r.r 


4.0 


Vio (20 C) = 1.80 V 




o.U 


V 5 o (20 C) = 2.48 V 




\ O.U 


V90 (2U O) - 4.44 V 


CCZU-5-F 


5.0 




CCH-301 


18.0 




CH-33 


2.0 




CH-35 


3.0 




CH-45 


3.0 




2 


100.0 





20 



Example 5 



Composition 


Conc./% 


Properties 


CC-5-V 


6.0 


Transition T (S,N) < -40.0°C 


CCH-34 


5.0 


Clearing point T (N,l) = +75.0°C 


CCH-501 


6.0 


An (589 nm, 20°C) = +0.0604 


CCP-2F.F.F 


12.0 


As (1 kHz 20°C) = +6.4 


CCP-3F.F.F 


12.0 


V 10 (20°C) = 1 .60 V 


CCP-5F.F.F 


5.0 


V 50 (20°C) = 2.23 V 


CCZU-2-F 


6.0 


V 90 (20°C) = 3.95 V 


CCZU-3-F 


20.0 




CCZU-5-F 


5.0 




CCH-301 


18.0 




CH-35 


2.0 




CH-45 


3.0 




2 


100.0 
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Example 6 



Composition 


Conc./% 


Properties 




o.u 


I ransition 1 (o,N) < -40.0 C 






Clearing point T (N,l) = +72.0 C 


cr> c \ / 
LU-O-V 


5.0 


An (589 nm, 20°C) = +0.0578 


OUH-303 


5.0 


As (1 kHz, 20°C) = +6.5 




12.0 


Yi (20°C) = 129 m Pa s 


rf^OD OCT c r~ 


12.0 


V10 (20°C) = 1.72 


UUr-or.h.r 


6.0 


V 5 o (20°C) = 2.34 V 




6.0 


V 90 (20°C) = 4.13 V 


CCZU-3-F 


19.0 




CCZU-5-F 


6.0 




CH-33 


3.0 




CH-35 


3.0 




CCPC-34 


3.0 




2 


100.0 





Example 7 



25 



30 



35 



Composition 


Conc./% 


Properties 


CC-5-(S)3 


10.0 


Transition T (S,N) < -40.0°C 


CCH-301 


6.0 


Clearing point T (N,l) = +70.5°C 


CCH-303 


5.0 


An (589 nm, 20°C) = +0.0568 


CCH-501 


14.0 


As (1 kHz, 20°C) = +5.8 


CCP-2F.F.F 


12.0 


yi (20°C) = 142 m Pas 


CCP-3F.F.F 


12.0 


V 10 (20°C) = 1.64 V 


CCZU-2-F 


6.0 


V 50 (20°C) = 2.23 V 


CCZU-3-F 


22.0 


V 90 (20°C) = 3.98 V 


CCZU-5-F 


6.0 




CH-33 


3.0 




CCPC-34 


4.0 




2 


100.0 
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Example 8 



5 



Composition 


Conc./% 


Properties 


CC-5-V 


14.0 


Clearing point T (N,I) = +76.0 C 


CCH-301 


18.0 


An (589 nm, 20°C) = +0.0608 


CCH-303 


3.0 


As (1 kHz, 20°C) = +5.5 


CCH-501 


5.0 


V10 (20°C) = 1.77 V 


CCP-2F.F.F 


10.0 


V 9 o (20°C) = 4.28 V 


CCP-3F.F.F 


12.0 




CCP-5F.F.F 


4.0 




CCZU-2-F 


5.0 




CCZU-3-F 


16.0 




CCZU-5-F 


5.0 




CH-33 


2.0 




CH-35 


3.0 




CH-45 


3.0 




S 


100.0 





20 



Example 9 



35 



Composition 


Conc./% 


Properties 


CC-5-V 


6.0 


Clearing point T (N,l) = +75.5°C 


CCH-301 


18.0 


An (589 nm, 20°C) = +0.0596 


CCH-34 


5.0 


As (1 kHz, 20°C) = +6.4 


CCH-501 


6.0 


Vi 0 (20°C) = 1.63 V 


CCP-2F.F.F 


12.0 


V 90 (20°C) = 3.91 V 


CCP-3F.F.F 


12.0 




CCP-5F.F.F 


5.0 




CCZU-2-F 


6.0 




CCZU-3-F 


20.0 




CCZU-5-F 


5.0 




CH-35 


2.0 




CH-45 


3.0 




S 


100.0 
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Example 10 



Composition 


Conc./% 


Properties 


L/Un-OU I 


I z.u 


Troncitinn T \\\ A(\ C\°C* 

\ ransixion i ^o,inj -4u.u v_/ 


UH-oo 


4.U 


(clearing point 1 (N,i) - +oi.u u 


Uri-oo 


A C\ 

4.U 


An (boy nm, zU O; - +U.UblU 


/^M A Q 

On-4o 


4.U 


As (1 KHZ, ZU U) - +o.y 


/^/""^D OCT C C 


y.u 


yi (zU o) - 1 54 m ra s 


OGZU-z-r 


b.U 


Vio (zU O) - 1 .49 V 


CCZU-o-F 


1b. 0 


V90 (zU G) - 0.00 V 


C/UZU-O-r 


b.U 




CDU-2-F 


9.0 




CDU-3-F 


11.0 




CCH-3CF3 


7.0 




CCH-5CF3 


8.0 




CCPC-34 


4.0 




2 


100.0 





20 



Example 1 1 



Composition 


Cono/% 


Properties 


ECCH-5CF3 


20.0 


Clearing point T (N,l) = +74.0°C 


CC-5-V 


5.0 


An (589 nm, 20°C) = +0.0585 


CCH-303 


5.0 


As (1 kHz, 20°C) = +6.5 


CCH-501 


12.0 


yi (20°C) = 141 m Pa s 


CCP-2F.F.F 


12.0 


V 10 (20°C) = 1.79 V 


CCP-3F.F.F 


6.0 


V 90 (20°C) = 4.27 V 


CCZU-2-F 


6.0 




CCZU-3-F 


19.0 




CCZU-5-F 


6.0 




CH-33 


3.0 




CH-35 


3.0 




CCPC-34 


3.0 




S 


100.0 
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Example 12 



Composition 


Conc./% 


Properties 


UU-O-V 


1 u.u 


i ransmon i vo,inj ^ -4u.u o 


LrUr-ziUUro 


D.U 


Clearing point i (Jn,ij — + f r ,u u 


LUr-4UOro 


a n 


An (ooy nm, zu u; — +u.uouo 


pAn OCT C C 

UUr-zr.r.r 


1 1 .u 


As ( i KMZ, — +0. z l- 


UUr-or.r.r 


I 1 .U 


Vio — i .y i v 


UUr-jr.r.r 


D.U 


f9n°r^ — a fiR \/ 


CCP-20CF3.F 


9.0 




CCZU-2-F 


5.0 




CZU-3-F 


10.0 




CCPC-34 


3.0 




CC-5-(T)5 


15.0 




CC-5-(T1)5 


10.0 




S 


100.0 





20 



25 



30 



35 
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Example 13 



10 



15 



20 



Composition 


Conc./% 


Properties 




1 z.U 


Tronoi+inn T M\ <* -AH 0°P 

i ransiLion i ^o,iNy ^ -h-u.u o 


On-oo 


o.U 


fNoarinn noint T \\ — 

oieanny puini i \ in , i ^ — t o i .0 0 


UH-oO 


o.U 


An (RRQ nm 90°Pi = +0 0R04 
Ail ^OOv? Mill, ZU *— ^.UUU^t 


GH-4o 


o.U 


Ac m 9n°r^ = +& 4 


UH-40 


o.U 


^ f9n°r^ — 1 fin m Pp» q 

Y'l (ZU — l DVJ III rd 0 




y.u 


VO \ZU ~~ I .ZZ V 


CCrZU-z-r 


O.U 


V10 ^ZU 1 .O I V 


CZU-o-r 


1 O.U 


V50 ^ZU \->) — z.uo V 


CZU-5-F 


o.U 


Vgo (zU U; — o.oy V 


CDU-2-F 


9.0 




CDU-3-F 


9.0 




CDU-5-F 


3.0 




CCH-3CF3 


7.0 




CCH-5CF3 


8.0 




CCPC-34 


4.0 




S 


100.0 





25 



30 



35 
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Example 14 



5 



Composition 


Conc./% 


Properties 


CCH-301 


17.0 


Transition T (S,N) < -40.0 C 


CCH-501 


14.0 


Clearing point T (N,l) = +81 .0 C 


CCH-34 


4.0 


An (589 nm, 20 C) = +0.0598 


CH-33 


3.0 


As (1 kHz, 20 C) = +7.1 


CH-35 


3.0 


V10 (20 C) = 1.65 V 


CH-43 


3.0 


V 90 (20 C) = 3.96 V 


CCPC-34 


4.0 




CCZU-2-F 


4.0 




CCZU-3-F 


17.0 




CCZU-5-F 


5.0 




CDU-2-F 


9.0 




CDU-3-F 


9.0 




CDU-5-F 


8.0 




2 


100.0 





20 



25 



30 



35 
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Example 15 



5 



Composition 


Conc./% 


Properties 


uun-OU 1 


14. U 


Transition T (S,N) < -40.0 C 


PPU OA 


/i a 
4. (J 


Clearing point T (N,l) = +78.0°C 


pp c \/ 


C A 

o.O 


An (589 nm, 20 C) = +0.0601 


pppoc p p 


a a a 


As (1 kHz, 20 C) = +6.6 


ppp op p p 


•1 O A 


Vi 0 (20 C) = 1.72 V 


r^r^D cp p p 


O.O 


V 90 (20°C) = 4.17 V 


C*r*~7\ 1 O P 


5.0 




f*H~7\ 1 O P 
UUZ.U-OT 


1b.O 




nr^vi \ r p 


5.0 




ppp.9nPF? p 
Uvr-zuoro.r 


o n 
Z.u 




CCH-3CF3 


10.0 




CH-33 


3.0 




CH-35 


3.0 




CH-43 


3.0 




CH-45 


2.0 




S 


100.0 





25 



30 



35 
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Example 16 



5 



Composition 


Conc./% 


Properties 




16.0 


Transition T (S,N) < -40.0°C 


pan cr\A 


16.0 


Clearing point T (N,l) = +95.5°C 




3.0 


An (589 nm, 20°C) = +0.0608 


CCH-5CF3 


5.0 


As (1 kHz, 20°C) = +4.5 


CCP-2F.F.F 


10.0 


V 10 (20°C) = 2.26 V 


CCP-3F.F.F 


8.0 


V 90 (20°C) = 5.41 V 


CCZU-2-F 


4.0 




CCZU-3-F 


13.0 




CCZU-5-F 


4.0 




CCPC-33 


3.0 




CCPC-34 


4.0 




CCPC-35 


4.0 




CCOC-3-3 j 


3.0 




CCOC-4-3 


5.0 




CCOC-3-5 


2.0 




I 


100.0 





Example 17 



30 



35 



Composition 


Conc./% 


Properties 


CCH-301 


14.0 


Clearing point T (N,l) = +71 .0°C 


CCH-303 


18.0 


An (589 nm, 20°C) = +0.0593 


CCH-501 


4.0 


As (1 kHz, 20°C) = +4.0 


CCH-34 


6.0 




CCH-35 


6.0 




CCP-20CF3 


5.0 




CCP-40CF3 


5.0 




CCP-50CF3 


7.0 




CCP-2F.F.F 


12.0 




CCP-3F.F.F 


15.0 




CCP-5F.F.F 


8.0 




S 


100.0 
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Example 18 



Composition 


Conc./% 


Properties 




14. U 


Transition T (S,N) < -40.0 C 


vuM-OUO 


o.U 


Clearing point T (N,l) = +76.0 C 


pru cm 
uon-ou i 


c n 
O.U 


An (589 nm, 20 C) = +0.0597 




10. 0 


As (1 kHz, 20 C) = +5.5 


uur-or.r.r 


a o n 
12.0 


V10 (20°C) = 1.80 V 


POP J^C P IT 

UUr-Or.r.r 


4.U 


V 90 (20 C) = 4.44 V 




k n 
O.U 




CC7\ L^_P 


i O.U 




CCZU-5-F 


5.0 




CCH-301 


18.0 




CH-33 


2.0 




CH-35 


3.0 




CH-45 


3.0 




2 


100.0 





20 

Example 19 



25 



30 



35 



Composition 


Conc./% 


Properties 


CC-5-V 


6.0 


Transition T (S,N) < -40.0°C 


CCH-34 


5.0 


Clearing point T (N,l) = +75.0°C 


CCH-501 


6.0 


An (589 nm, 20°C) = +0.0604 


CCP-2F.F.F 


12.0 


As (1 kHz, 20°C) = +6.4 


CCP-3F.F.F 


12.0 


Vi 0 (20°C)= 1.60 V 


CCP-5F.F.F 


5.0 


V 90 (20°C) = 3.94 V 


CCZU-2-F 


6.0 




CCZU-3-F 


20.0 




CCZU-5-F 


5.0 




CCH-301 


18.0 




CH-35 


2.0 




CH-45 


3.0 




2 


100.0 
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Example 20 



5 



Composition 


Conc./% 


Properties 


pp c \/ 


A A 

4.0 


Clearing point T (N,I) = +70.0 C 




o.O 


An (589 nm, 20°C) = +0.0601 


UOn-jU 1 


7.0 


4 /Milt /~\ /"\ n y—v \ ^-v — 

Ae (1 kHz, 20°C) = +6.6 


ppp op p p 


1 1 .0 


V10 (20 C) = 1.57 V 


ppp oe: p p 


-ion 


V 90 (20 C) = 3.89 V 


ppp cp p p 


o.U 






O.U 




CCZU-3-F 


20.0 




CCZU-5-F 


6.0 




CCH-301 


20.0 




CH-35 


2.0 




CCP-20CF2.F.F 


2.0 




S 


100.0 





20 Example 21 



25 



30 



35 



Composition 


Conc./% 


Properties 


CCH-301 


23.0 


Clearing point T (N,l) = +70.0°C 


CCH-303 


3.0 


An (589 nm, 20°C) = +0.0610 


CCH-501 


4.0 


As (1 kHz, 20°C) = +4.1 


CCP-30CF3 


3.0 


V 10 (20°C) = 2.10 V 


CCP-40CF3 


3.0 


V 90 (20°C) = 5.05 V 


CCP-50CF3 


3.0 




CCP-2F.F.F 


5.0 




CCP-3F.F.F 


10.0 




CCP-5F.F.F 


8.0 




CC-5-V 


16.0 




CCP-30CF3.F 


6.0 




CCP-50CF3.F 


8.0 




CCP-30CF2.F.F 


4.0 




CCP-50CF2.F.F 


4.0 




S 


100.0 
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Example 22 



5 



Composition 


Conc./% 


Properties 


CCH-301 


23 0 


Pl^arinn nnint T (K\ \\ — J.7H n o O 
Oltjctiniy fJUliU I — +/U.U O 


CCH-303 


3 0 


An n m 1(\°r*\ — xfi HCM n 


CCH-501 




AS ^ 1 KrlZ, ZU L/J — +4. I 


CCP-30CF3 




Vio ^) - IU V 


CCP-40CF3 


3 0 


V90 Ks) — O.UO V 


CCP-50CF3 


3 0 




CCP-2F.F.F 






CCP-3F.F.F 


10 0 




CCP-5F.F.F 


8.0 




CC-5-V 


16.0 




CCP-30CF3.F 


6.0 




CCP-50CF3.F 


8.0 




CCP-30CF2.F.F 


4.0 




CCP-50CF2.F.F 


4.0 




2 


100.0 





25 



30 



35 
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Example 23 



5 



10 



15 



20 



Composition 


Conc./% 


Properties 


CC-5-V 


1 o.U 


Transition T (S < -30 0°C 


CCn-ou1 


1 O.U 


riparina Doint T (N \) = +86 0°C 


CCH-ouo 


o.U 


An f^RQ nm 20°C1 = +0 0606 


CCH-501 


O.U 


Ap M kHz 20°O = +4 0 


CCP-2F.F.F 


/ .U 


v- /90°P > \ = 193 m Pa s 


CCP-3F.F.I- 


O.U 


f90°r^ = 9 18 V 


CCZU-2-F 


4.U 


V™ f90 o f^ = *5 30 V 


CCZU-3-F 


lo.U 




CCZU-5-F 


4.U 




CH-33 


4^.U 




CH-35 


3.0 




CH-43 


2.0 




CH-45 


3.0 




CCPC-34 


3.0 




CCPC-35 


2.0 




CCP-50CF2.F.F 


7.0 




PCH-7F 


5.0 




S 


100.0 
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Example 24 



5 



10 



15 



20 



Composition 


Conc./% 


Properties 




20.0 


Transition T (S,N) < -40.0°C 




16.0 


Clearing point T (N,l) = +95.0°C 


pp.c A/ 


11.5 


An (589 nm, 20°C) = +0.0604 


uuu-zi-r 


6.0 


Ae (1 kHz, 20°C) = +4.0 


UUU-oT 


6.0 


vi (20°C) = 127 m Pa s 


UUU-OT 


3.0 


V10 (20°C) = 2.31 V 




3.0 


V 90 (20°C) = 5.55 V 




11.0 






3 0 




CH-33 


o.u 




CH-35 


2.0 




CH-43 


2.5 




CCPC-33 


5.0 




CCPC-34 


4.0 




CCPC-35 


4.0 




E 


100.0 





25 



30 



35 
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Example 25 



10 



15 



Composition 


Conc./% 


Properties 


CCH-301 


18.0 


uiesnng poini i — ^ou.u ^ 


CCH-501 


8.0 


An (coy nm, zu — +u.uouz 


CCH-34 


5.0 


AS ( \ KHZ, zu — ^v.y 


CH-33 


3.0 




CH-35 


3.0 




CH-45 


3.0 




CCPC-34 


3.0 




CCZU-2-F 


5.0 




CCZU-3-F 


17.0 




CCZU-5-F 


5.0 




CDU-2-F 


11.0 




CDU-3-F 


12.0 




CDU-5-F 


7.0 




2 


100.0 





20 



25 



30 



35 



REPLACEMENT SHEET (RULE 26) 



WO 01/07962 



-73- 



PCT/EP00/06879 



Example 26 



5 



Composition 


Conc./% 


Properties 




•ion 


Transition T (S,N) < -30.0°C 




o.U 


Clearing point T (N,l) = +80.0°C 




o r\ 

8.0 


An (589 nm, 20°C) = +0.0606 


ppp ocr c tr 
UUr-iir.r.r 


10.0 


As (1 kHz, 20 C) = +6.3 


ppn qc sr c 


12.0 




uur-Or.r.r 


o.O 






5.0 




PP7I 1 o cr 


1 /.U 






O.U 




CH-33 


3.0 




CH-35 


3.0 




CH-43 


3.0 




CCH-3CF3 


7.0 




CCPC-33 


2.0 




Z 


100.0 





25 



30 



35 
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Example 27 



5 



Composition 


Conc./% 


Properties 


CCH-301 


14.0 


Transition T (S,N) < -30.0X 


CCH-501 


11.0 


Clearing point T (N,l) = +80.0°C 


CCP-2F.F.F 


10.0 


An (589 nm, 20°C) = +0.0607 


CCP-3F.F.F 


13.0 


As (1 kHz, 20°C) = +6.5 


CCP-5F.F.F 


5.0 




CCZU-2-F 


5.0 




CCZU-3-F 


17.0 




CCZU-5-F 


5.0 




CH-33 


3.0 




CH-35 


3.0 




CH-43 


3.0 




CCPC-33 


3.0 




CCH-3CF3 


8.0 




2 


100.0 





20 

Example 28 



25 



30 



35 



Composition 


Conc./% 


Properties 


CC-5-V 


4.0 


Clearing point T (N,l) = +70.0°C 


CCH-34 


5.0 


An (589 nm, 20°C) = +0.0601 


CCH-301 


20.0 


As (1 kHz, 20°C) = +6.6 


CCH-501 


7.0 




CH-35 


2.0 




CCP-2F.F.F 


11.0 




CCP-3F.F.F 


12.0 




CCP-5F.F.F 


5.0 




CCZU-2-F 


6.0 




CCZU-3-F 


20.0 




CCZU-5-F 


6.0 




CCP-20CF2.F.F 


2.0 






100.0 
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Example 29 



Composition 


Conc./% 


Properties 




17.0 


Transition T (S,N) < -30.0°C 


L/GH-501 


6.0 


Clearing point T (N,l) = +80.0°C 




14.0 


An (589 nm, 20°C) = +0.0605 


CCP-2F.F.F 


10.0 


As (1 kHz, 20°C) = +5.7 


/■^ /*"v r~4 or— r~ i — 

CCP-3F.F.F 


10.0 


yi (20°C)= 104 m Pa s 


CCP-5F.F.F 


5.0 


V 0 (20°C) = 1 .50 V 




5.0 




CCZU-3-F 


18.0 




CCZU-5-F 


6.0 




CH-33 


3.0 




CH-35 


3.0 




CH-43 


3.0 




E 


100.0 





20 Example 30 



25 



30 



35 



Composition 


Conc./% 


Properties 


CCH-301 


18.0 


Clearing point T (N,l) = +81 .0°C 


CCH-501 


5.0 


An (589 nm, 20°C) = +0.0604 


CC-5-V 


14.0 


As (1 kHz, 20°C) = +5.5 


CCP-2F.F.F 


9.0 




CCP-3F.F.F 


13.0 




CCP-5F.F.F 


6.0 




CCZU-2-F 


4.0 




CCZU-3-F 


16.0 




CCZU-5-F 


5.0 




CH-33 


2.0 




CH-35 


3.0 




CH-43 


2.0 




CH-45 


3.0 




E 


100.0 
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Example 31 



76 



10 



15 



20 



Composition 


Conc./% 


Properties 


UU-O-V 


16.0 


Transition T (S,N) < -30.0°C 




16.0 


Clearing point T (N,l) = +86.0°C 


L/Un-oUo 


3.0 


An (589 nm, 20°C) = +0.0606 


OL/H-501 


5.0 


As (1 kHz, 20°C) = +4.0 


CCP-2F.F.F 


7.0 


V 10 (20°C) = 2.18 V 


CCP-3F.F.F 


5.0 


V 90 (20°C) = 5.30 V 


CCZU-2-F 


4.0 




CCZU-3-F 


13.0 




CCZU-5-F 


4.0 




/-\ I I o o 

CH-33 


2.0 




CH-35 


3.0 






2.0 




CH-45 


3.0 




CCPC-34 


3.0 




CCPC-35 


2.0 




CCP-50CF2.F.F 


7.0 




PCH-7F 


5.0 




2 


100.0 





25 



30 



35 
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Example 32 



15 



20 



Composition 


Conc./% 


Properties 




on n 
ZU.U 


Troncition T M\ < -AC) 0°P 


CCH-501 


1b. 0 


Plnnrinn r*/^ir»+ T fK\ \\ — C\° 

uieanng poinx i ^im,ij — +yo.u 0 


CC-5-V 


11.5 


An (ooy nm, oj — 


CDU-2-F 


6.0 


As (1 KriZ, ZXJ — 


CDU-3-F 


6.0 


a# / r OH°P\ — i OV m Pa o 

Y1 — m r^a s 


CDU-5-F 


3.0 


V10 {ZU — Z.o I V 


CCZU-2-F 


3.0 


V90 (Zv — D.Do V 


CCZU-3-F 


1 1 .0 




CCZU-5-F 


3.0 




CH-33 


3.0 




CH-35 


2.0 




CH-43 


2.5 




CCPC-33 


5.0 




CCPC-34 


4.0 




CCPC-35 


4.0 




2 


100.0 





25 



30 



35 
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Example 33 



5 



Composition 


Conc./% 


Properties 


CCH-301 


18.0 


Clearing point T (N,l) = +80.0 C 


CCH-501 


8.0 


An (589 nm, 20 C) = +0.0602 


CCH-34 


5.0 


As (1 kHz, 20 C) = +7.9 


CH-33 


3.0 




CH-34 


3.0 




CH-35 


3.0 




CCPC-34 


3.0 




CCZU-2-F 


5.0 




CCZU-3-F 


17.0 




CCZU-5-F 


5.0 




CDU-2-F 


11.0 




CDU-3-F 


12.0 




CDU-5-F 


7.0 




£ 


100.0 





20 



Example 34 



25 



30 



35 



Composition 


Conc./% 


Properties 


CCH-301 


14.0 


Transition T (S,N) < -30.0°C 


CCH-501 


11.0 


Clearing point T (N,l) = +80.0°C 


CCP-2F.F.F 


10.0 


An (589 nm, 20°C) = +0.0607 


CCP-3F.F.F 


13.0 


As (1 kHz, 20°C) = +6.5 


CCP-5F.F.F 


5.0 




CCZU-2-F 


5.0 




CCZU-3-F 


17.0 




CCZU-5-F 


5.0 




CH-33 


3.0 




CH-35 


3.0 




CH-43 


3.0 




CCPC-33 


3.0 




CCH-3CF3 


8.0 




E 


100.0 
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Example 35 



Composition 


Conc./% 


Properties 


CC-5-V 


A A f\ 

14.0 


Transition T (S,N) < -40.0 C 


CCH-303 


3.0 


Clearing point T (N,l) = +76.0 C 


CCH-501 


5.0 


An (589 nm, 20 C) = +0.0597 


CCP-2F.F.F 


10.0 


As (1 kHz, 20 C) = +5.5 


CCP-3F.F.F 


12.0 


Vio (20 C) = 1.80 V 


CCP-5F.F.F 


4.0 


V90 (20 C) = 4.44 V 


CCZU-2-F 


5.0 




CCZU-3-F 


16.0 




CCZU-5-F 


5.0 




CCH-301 


18.0 




CH-33 


2.0 




CH-35 


3.0 




CH-43 


3.0 




2 


100.0 





20 

Example 36 



25 



30 



35 



Composition 


Conc./% 


Properties 


CC-5-V 


6.0 


Transition T (S,N) = < -40.0°C 


CCH-34 


5.0 


Clearing point T (N,l) = +75.0°C 


CCH-301 


18.0 


An (589 nm, 20°C) = +0.0604 


CCH-501 


6.0 


As (1 kHz, 20°C) = +6.4 


CCP-2F.F.F 


12.0 


V 10 (20°C) = 1.61 V 


CCP-3F.F.F 


12.0 


V 90 (20°C) = 3.94 V 


CCP-5F.F.F 


5.0 




CCZU-2-F 


6.0 




CCZU-3-F 


20.0 




CCZU-5-F 


5.0 




CH-35 


2.0 




CH-45 


3.0 






100.0 
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Example 37 



Composition 


Conc./% 


Properties 


CC-5-V 


7.0 


Transition T (S,N) < -30.0 C 


CCH-301 


5.0 


Clearing point T (N,l) = +82.0 C 


CCH-303 


5.0 


An (589 nm, 20 C) = +0.0630 


CCH-501 


14.0 


Ae (1 kHz, 20 C) = +8.0 


CCP-2F.F.F 


12.0 


V10 (20 C) = 1.69 V 


CCP-3F.F.F 


12.0 


V 90 (20°C) = 4.08 V 


CCP-5F.F.F 


4.0 




CCZU-2-F 


6.0 




CCZU-3-F 


22.0 




CCZU-5-F 


6.0 




CH-33 


2.0 




CH-35 


3.0 




CH-45 


2.0 




2 


100.0 





20 

Example 38 



25 



30 



35 



Composition 


Conc./% 


Properties 


CCH-303 


11.0 


Transition T (S,N) < -30.0°C 


CCH-501 


17.0 


Clearing point T (N,l) = +83.5°C 


CH-33 


3.0 


An (589 nm, 20°C) = +0.0624 


CH-35 


3.0 


As (1 kHz, 20°C) = +8.7 


CH-45 


3.0 


(20°C) = 151 m Pa s 


CCP-5F.F.F 


3.0 


V10 (20°C) = 1.51 V 


CCZU-2-F 


6.0 


V 90 (20°C) = 3.64 V 


CCZU-3-F 


16.0 




CCZU-5-F 


6.0 




CCPC-34 


2.0 




CDU-2-F 


10.0 




CDU-3-F 


12.0 




CDU-5-F 


8.0 




S 


100.0 
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Example 39 



Composition 


Conc./% 


Properties 


CCH-301 


19.0 


Transition T (S,N) < -40.0 C 


CC-5-V 


17.0 


Clearing point T (N,l) - +/0.0 0 


CCP-20CF3 


6.0 


a M /coo oa°p\ — 1 0 neon 

An (589 nm, 20 C) - +0.0oo9 


CCP-40CF3 


6.0 


As (1 kHz, 20 C) - +5.2 


CCP-2F.F.F 


11.0 


yi (20 C) = 92 m Pa s 


CCP-3F.F.F 


11.0 


V 0 (20 C) = 1.50 V 


CCP-5F.F.F 


6.0 


Vio(20°C) = 1.87 V 


CCP-20CF3.F 


9.0 


V 90 (20°C) = 4.59 V 


CCZU-2-F 


5.0 




CCZU-3-F 


7.0 




CCPC-34 


3.0 




E 


100.0 





Example 40 



25 



30 



Composition 


Conc./% 


Properties 


CCH-301 


20.0 


Transition T (S,N) < -30.0°C 


CC-5-V 


16.0 


Clearing point T (N,l) = +70.5°C 


CCP-20CF3 


6.0 


An (589 nm, 20°C) = +0.0620 


CCP-40CF3 


5.0 


As (1 kHz, 20°C) = +7.4 


CCZU-2-F 


5.0 


V 0 (20°C) = 1.23 V 


CCZU-3-F 


8.0 


V 10 (20°C) = 1 .52 V 


CCPC-34 


4.0 


V 90 (20°C) = 3.71 V 


CDU-2-F 


12.0 




CDU-3-F 


14.0 




CDU-5-F 


10.0 




2 


100.0 
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Example 41 



10 



Composition 


Conc./% 


Properties 


CCH-3CF3 


n n 

9.0 


I ransition I (o,nj < -4u.u u 


CCH-5CF3 


12.0 


Clearing point I (N,l) - +oU.u u 


CCH-302 


10.0 


a ^ /con on°r k \ — _i_n ncoo 

An (ooy nm, zu uj - +u.Uooo 


CCP-2F.F.F 


12.0 


As (1 kHz, C) - +/.y 


CCP-3F.F.F 


A a r\ 

11.0 


Vio (^0 C) - l./z V 


/— V r— \ r— i — I — I — 

CCP-5F.F.F 


6.0 


V90 (^U 0)-4.1o V 


CCP-20CF3.F 


3.0 




CCZU-2-F 


6.0 




CCZU-3-F 


14.0 




CCZU-5-F 


6.0 




CCPC-34 


5.0 




CH-35 


6.0 




2 


100.0 





20 Example 42 



25 



30 



35 



Composition 


Conc./% 


Properties 


CH-33 


4.0 


Transition T (S,N) < -30.0°C 


CH-35 


3.0 


Clearing point T (N,l) = +82.0°C 


CCP-2F.F.F 


10.0 


An (589 nm, 20°C) = +0.0645 


CCZU-2-F 


6.0 


As(1 kHz, 20°C) = +11.2 


CCZU-3-F 


16.0 


V 10 (20°C) = 1.35 V 


CCZU-5-F 


6.0 


V 90 (20°C) = 3.26 V 


CDU-2-F 


9.0 




CDU-3-F 


11.0 




CDU-5-F 


8.0 




CCH-3CF3 


11.0 




CCH-5CF3 


9.0 




CCPC-33 


4.0 




CCPC-34 


3.0 




E 


100.0 
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Example 43 



5 



10 



15 



Composition 


Conc./% 


Properties 


CCH-501 


/ .U 


Tranoitinn T N\ < -^0 D°P 

I ransiiion i ^o,in^ ^ -ou.u ^ 


CH-33 


4.U 


oieanng poiru i vin,»^ t ° • ^ 


CH-35 


4.U 


An (RRQ nm 90°P^ = +0 0R94 


CH-43 


a n 
4.U 


Ao M U-H-7 90°P^ = +Q 

AS ^ I l\nZ., /-VJ \j) — 


CCP-2F.F.F 


-ion 


y-\ KlA) \s ) IOU III I a o 


CCZU-2-F 


O.U 


Vio ^) — ' v 


CCZU-3-F 


16.0 


Vgo 3-^.3 v 


CCZU-5-F 


6.0 




CDU-2-F 


9.0 




CDU-3-F 


11.0 




CDU-5-F 


6.0 




CCS-3 


8.0 




CCS-5 


7.0 




Z 


100.0 





20 

Example 44 



25 



30 



35 



Composition 


Conc./% 


Properties 


CCH-301 


14.0 


Transition T (S,N) < -30.0°C 


CC-5-V 


5.0 


Clearing point T (N,l) = +79.5°C 


CH-33 


3.0 


An (589 nm, 20°C) = +0.0640 


CH-35 


3.0 


As (1 kHz, 20°C) = +9.7 


CH-45 


3.0 


V 0 (20°C) = 1.04 V 


CCP-2F.F.F 


8.0 


V 10 (20°C) = 1.33 V 


CCZU-2-F 


6.0 


V 90 (20°C) = 3.25 V 


CCZU-3-F 


19.0 




CCZU-5-F 


6.0 




CCPC-34 


1.0 




CDU-2-F 


11.0 




CDU-3-F 


12.0 




CDU-5-F 


9.0 




S 


100.0 
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Example 45 



Composition 


Conc./% 


Properties 


ECCH-5CF3 


21.0 


Clearing point T (N,l) = +82.0°C 


CC-5-V 


5.0 


An (589 nm, 20°C) = +0.0654 


CH-33 


3.0 


As (1 kHz, 20°C) = +8.5 


CCP-2F.F.F 


12.0 


yi (20°C) = 165m Pas 


CCP-3F.F.F 


12.0 


V 10 (20°C) = 1 .58 V 


CCP-5F.F.F 


5.0 


V 90 (20°C) = 3.88 V 


CCP-20CF3.F 


6.0 




CCZU-2-F 


6.0 




CCZU-3-F 


20.0 




CCZU-5-F 


6.0 




CCPC-34 


4.0 




2 


100.0 





Example 46 

20 



25 



30 



Composition 


Conc./% 


Properties 


CCH-303 


11.0 


Transition T (S,N) < -40.0°C 


CCH-501 


17.0 


Clearing point T (N,l) = +84.5°C 


CH-33 


3.0 


An (589 nm, 20°C) = +0.0628 


CH-35 


3.0 


As (1 kHz, 20°C) = +9.2 


CH-45 


3.0 


V 10 (20°C) = 1.58 V 


CCP-5F.F.F 


3.0 


V 90 (20°C) = 3.83 V 


CCZU-2-F 


6.0 




CCZU-3-F 


16.0 




CCZU-5-F 


6.0 




CCPC-34 


2.0 




CEDU-3-F 


15.0 




CEDU-5-F 


15.0 




2 


100.0 
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Example 47 



5 



10 



15 



20 



Composition 


Conc./% 


Properties 


CCH-501 


7 n 


Transition T (S,N) < -40.0°C 


CH-33 


o.u 


Clearina point T (N,l) = +86.0°C 


CH-35 




An (589 nm 20°C) = +0.0645 


CH-43 


o.u 


As fi kHz 20°C) = +10.2 


CCP-2F.F.F 


/ .u 


V.a f20°C) = 1 44 V 


CCP-3F.F.F 


o.u 


Von (20°C) = 3.44 V 


CCZU-2-F 


o.u 




CCZU-3-F 


inn 
1 o.u 




CCZU-5-F 


o.u 




CDU-2-F 


y.u 




CDU-3-F 


9.0 




CDU-5-F 


6.0 




CCH-3CF3 


7.0 




CCH-5CF3 


8.0 




CCPC-34 


3.0 




CCPC-33 


3.0 




S 


100.0 





25 



30 



35 
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Example 48 



5 



Composition 


Conc./% 


Properties 


CCH-301 


5.0 


Transition T (S,N) < -40.0°C 


CCH-501 


16.0 


Clearing point T (N,l) = +86.0°C 


CCP-2F.F.F 


12.0 


An (589 nm, 20°C) = +0.0622 


CCP-3F.F.F 


12.0 


As (1 kHz, 20°C) = +4.8 


CCP-5F.F.F 


6.0 


V 10 (20°C) = 2.10 V 


CCP-20CF3 


5.0 


V 90 (20°C) = 4.98 V 


CCP-40CF3 


6.0 




CCP-20CF3.F 


9.0 




CH-33 


4.0 




CH-35 


3.0 




CH-43 


3.0 




CH-45 


3.0 




CCPC-34 


4.0 




CCH-3CF3 


6.0 




CCH-5CF3 


6.0 




S 


100.0 





Example 49 



30 



35 



Composition 


Conc./% 


Properties 


CCH-5CF3 


10.0 


Transition T (S,N) < -30.0°C 


CCH-34 


5.0 


Clearing point T (N,l) = +79.5°C 


CC-5-V 


16.0 


An (589 nm, 20°C) = +0.0650 


CCP-2F.F.F 


12.0 


As (1 kHz, 20°C) = +7.4 


CCP-3F.F.F 


10.0 


yi (20°C) = 113 m Pas 


CCP-5F.F.F 


7.0 


V 10 (20°C)= 1.67 V 


CCP-20CF3.F 


12.0 


V 90 (20°C) = 4.08 V 


CCZU-2-F 


5.0 




CCZU-3-F 


16.0 




CCZU-5-F 


5.0 




CCPC-34 


2.0 




2 


100.0 
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Example 50 



5 



10 



15 



25 



30 



35 



Composition C 


:onc./% F 


Properties 


CCH-34 


O.U 


rransition T (S,N) < -40.0°C 

I 1 CI 1 Ivl i>i w i i i I / 


CCH-3CF3 


o.U 


bearing point T (N,l) = +75.0°C 

I \jr KM till ■ ■ ■ ^ ^ * y 


CCH-5CF3 


o.U ' 


\n (589 nm 20°C) = +0.0644 


CCP-2F.F.F 


11 .U 


Ap M kHz 20°C) = +10.1 


CCP-3F.F.F 


1U.U 


\An (20°C) = 1.42 V 


CCP-5F.F.F 


D.U 


Van (20°C) = 3.47 V 


CCP-20CF3.F 


4.U 




CCP-40CF3 


8.0 




CDU-2-F 


10.0 




CDU-3-F 


12.0 




CDU-5-F 


10.0 




CCOC-3-3 


4.U 




CCOC-3-3 


8.0 




2 


100.0 




ExamDle 51 






Composition 


Conc./% 


j Properties 


CCH-34 


6.0 


Plpp»rinn noint T (HA) = +81 .0°C 


CC-5-V 


A A C\ 


An (589 nm 20°C) = +0.0653 


CC-3-2T 


9.0 


Ap M kHz 20°C) = +7.7 


CC-5-2T 


9.0 


V,n ^20°C1 = 1.70 V 


CCP-2F.F.F 


a a n 
1 1 .0 


V Q n ^20°^ = 4.20 V 


CCP-3F.F.F 


a a r\ 

1 1.0 




CCP-5F.F.F 


6.0 




CCP-40CF3 


6.0 




CCP-20CF3.F 


5.0 




CCZU-2-F 


6.0 




CCZU-3-F 


14.0 




CCZU-5-F 


6.0 




S 


100.0 
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10 



15 



20 







r^nmno^ition 

1 1 UUOIUV/I I 


Conc./% 


CCH-34 


5.0 


CC-5-V 


8.0 


CCH-3CF3 


6.0 


CCH-5CF3 


8.0 


CCP-2F.F.F 


11.0 


CCP-3F.F.F 


11.0 


CCP-5F.F.F 


6.0 


CCZU-2-F 


6.0 


CCZU-3-F 


14.0 


CCZU-5-F 


6.0 


CCP-20CF3.F 


8.0 


CCP-40CF3 


4.0 


CCOC-4-3 


5.0 


CCOC-3-3 


2.0 


Z 


100.0 



roperties 

Clearing point T (N,l) = +80.0°C 
An (589 nm, 20°C) = +0.0642 
As (1 kHz, 20°C) = +7.8 
V 10 (20°C) = 1.68 V 
V 90 (20°C) = 4.08 V 



25 



30 



35 



Example 53 




Composition 


Conc./% 


CCH-34 


6.0 


CC-5-V 


14.0 


CCP-2F.F.F 


11.0 


CCP-3F.F.F 


11.0 


CCP-5F.F.F 


6.0 


CCP-20CF3.F 


6.0 


CDU-2-F 


10.0 


CDU-3-F 


14.0 


CDU-5-F 


10.0 


CCOC-3-3 


4.0 


CCOC-4-3 


8.0 


2 


100.0 



Clearing point T (N,l) = +79.5°C 
An (589 nm, 20°C) = +0.0649 
As (1 kHz, 20°C) = +9.5 
V10 (20°C) = 1 .46 V 
V 90 (20°C) = 3.60 V 



'roperties 
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Fxample 54 



10 



15 



Composition I 


Conc./% 


CCH-34 


O.U 


CC-5-V 


15.0 


CCH-5CF3 


9.0 


CCP-2F.F.F 


11.0 


CCP-3F.F.F 


11.0 


CCP-5F.F.F 


6.0 


CCP-40CF3 


4.0 


CCZU-2-F 


6.0 


CCZU-3-F 


14.0 


CCZU-5-F 


6.0 


DCZG-2-OT 


4.0 


DCZG-3-OT 


4.0 


DCZG-5-OT 


4.0 


2 


100.0 



Properties 

Clearing point T (N,l) = +78.5°C 
An (589 nm, 20°C) = +0.0652 
As (1 kHz, 20°C) = +9.4 
V10 (20°C) = 1.48 V 
V 90 (20°C) = 3.66 V 



25 



30 



35 
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Fxam ple 55 



10 



15 



20 



Composition ( 


3onc./% ' 1 


Properties 


CCH-34 

CC-5-V 

CCH-3Gr^ 

CCH-SCFo 

CCP-2F.r.r 

CCP-or.r.r 


5.0 
8.0 
6.0 
8.0 
11.0 
11.0 


Transition T(S,N)<-40.0°C 
Clearing point T (N,l) = +80.5°C 
An (589 nm, 20°C) = +0.0643 
A£ (1 kHz, 20°C) = +7.8 
V 10 (20°C) = 1.69 V 
V 90 (20°C) = 4.11V 


>-^v r j" C C 

CCP-5r.t-.r 


6.0 




CCZU-2-F 


5.0 




CCZU-3-F 


1 5 0 




CCZU-5-F 


5.0 




CCP-20CF3.F 


8.0 




CCP-40CF3 


5.0 




CCOC-4-3 


5.0 




CCOC-3-3 

E 


2.0 
100.0 





25 



30 



35 



FvamDle 56 




Composition ( 


3onc./% 


CCH-34 


5.0 


CC-3-2T 


8.0 


CC-5-2T 


8.0 


CCH-5CF3 


8.0 


CCP-2F.F.F 


12.0 


CCP-3F.F.F 


11.0 


CCP-5F.F.F 


6.0 


CCP-20CF3.F 


12.0 


CCP-50CF3.F 


6.0 


CCP-40CF3 


6.0 


CCOC-4-3 


8.0 


CCG-(c3)m-F 


10.0 


2 


100.0 



Properties 



Clearing point T (N,l) = +82.0°C 
An (589 nm,20°C) = +0.0650 
As (1 KHz, 20°C) = +6.5 
Vio(20°C) = 1.94 V 
V 90 (20°C) = 4.71 V 
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10 



15 



20 



Fyample o/_ 




Composition < 


3onc./% 


CCH-34 


5.0 


CC-5-V 


6.0 


CCH-3CF3 


6.0 


CCH-5CF3 


8.0 


CCP-2F.F.F 


11.0 


CCP-3F.F.F 


12.0 


CCP-5F.F.F 


5.0 


CCZU-2-F 


5.0 


rr7U-3-F 


15.0 


rczu-5-F 


4.0 


CCP-20CF3.F 


10.5 


CCP-40CF3 


6.5 


CCOC-4-3 


4.0 


CCOC-3-3 


2.0 


E 


100.0 



Properties 

Transition T (S.N) < -40.0°C 
Clearing point T (N.I) = + 80.5°C 
An (589 nm, 20°C) = +0.0644 
A£ (1 kHz, 20°C) = +7.9 
Y i (20°C) = 124 m Pa s 
V10 (20°C)= 1-65V 
V 90 (20°C) = 4.06 V 



25 



30 



35 
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5 



Composition 


Conc./% 


Properties 






Pl^arinn nnintT CN M = +81 0°C 


PPH-^PF^ 




An (^RQ nm ?0°C^ = +0 OfW 

Ail 1 1 JUC Mill, \J \~s J 1 VJ\J w\> 




C7.V/ 


Ap M kHz 2Q°C1 = +8 7 


PPP-?F F F 
v\-»r t.r .1.1 


a o 


\An (20°C) = 1 56 V 

v "jo V ^— ' y < v 






Vnn f20°C j = 3 77 V 


PPP-^F F F 






PP71 1-9-F 






PP7I 1 ^ F 


o.u 




CCZU-5-F 


5.0 




CCP-30CF3.F 


8.0 




CCP-50CF2.F.F 


8.0 




CDU-3-F 


9.0 




CCOC-3-3 


5.0 




CPCC-2-3 


4.0 




I 


100.0 
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-93- 



10 



15 



20 



25 



30 



35 



Composition 


Conc./% 


Properties 


CCH-3CF3 


9.0 


Transition T (S,N) = < -30.0 C 


CCH-5CF3 


7.0 


Clearing point T (N,l) = +80.0 C 


CCH-34 


5.0 


An (589 nm, 20 C) = +0.0652 


CCP-2F.F.F 


11.0 


As (1 kHz, 20 C) = +8.6 


CCP-3F.F.F 


12.0 


Yi (20°C) = 144 m Pa s 


CCP-5F.F.F 


5.0 


V10 (20 C) = 1.58 V 


CCP-20CF3 


4.0 


V90 (20 C) = 3.88 V 


CCP-30CF3 


2.0 




CCP-40CF3 


7.0 




CCP-20CF3.F 


10.0 




CCZU-2-F 


5.0 










CCZU-5-F 


4.0 




CCTTCC-5-5-5-5 


4.0 




2 


100.0 




Example 60 






Composition 


Conc./% 


Properties 


CCH-34 


6.0 


Transition T (S,N) = < -40.0°C 


CCH-501 


8.0 


Clearing point T (N,l) = +80.0°C 


CCH-5CF3 


8.0 


An (589 nm, 20°C) = +0.0656 


CCP-2F.F.F 


11.0 


Ae (1 kHz, 20°C) = +8.4 


CCP-3F.F.F 


11.0 


V10 (20 C) = 1.57 V 


CCP-5F.F.F 


6.0 


V90 (20°C) = 3.89 V 


CCP-40CF3 


8.0 




CCP-20CF3.F 


10.0 




CCZU-2-F 


6.0 




CCZU-3-F 


14.0 




CCZU-5-F 


6.0 




CHO-3CF3 


6.0 




£ 


100.0 
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5 



Composition 


Conc./% 


Properties 


CCH-34 


6.0 


Transition T (S,N) = < -40.0°C 


CCH-501 


10.0 


Clearing point T (N,l) = +80.0°C 


CCH-5CF3 


6.0 


An (589 nm, 20°C) = 0.0653 


CCP-2F.F.F 


11.0 


V 10 (20°C) = 1.41 V 


CCP-3F.F.F 


11.0 


V 90 (20°C) = 3.45 V 


CCP-5F.F.F 


6.0 




CCP-20CF3.F 


8.0 




CCZU-2-F 


6.0 






14.0 




CCZU-5-F 


6.0 




DCZG-2-OT 


4.0 




DCZG-3-0T 


4.0 




DCZG-5-OT 


4.0 




CCOC-3-3 


4.0 




2 


100.0 





Example 62 



25 



30 



35 



Composition 


Conc./% 


Properties 


CC-5-V 


18.5 


Clearing point T (N,l) = +70.0°C 


CCH-303 


6.0 


An (589 nm, 20°C) = 0.0650 


CCH-501 


6.0 


V 10 (20°C)= 1.56V 


CCP-2F.F.F 


12.0 


V 90 (20°C) = 3.93 V 


CCP-3F.F.F 


13.0 




CCP-5F.F.F 


5.0 




CCP-20CF2.F.F 


10.0 




CCP-30CF2.F.F 


10.0 




CCZU-2-F 


5.0 




CCZU-3-F 


10.0 




PCH-7 


4.5 




£ 


100.0 
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5 



Composition 


Conc./% 


Properties 


CCH-301 


11.5 


Transition T (S,N) = < -30.0°C 


CCP-2F.F.F 


10.0 


Clearing point T (N,i) = +80.0X 


CCP-3F.F.F 


13.0 


An (589 nm, 20°C) = 0.0653 


CCP-5F.F.F 


5.0 


yi (20°C) = 161 mPas 


CCZU-2-F 


5.0 


V 10 (20°C) = 1 .54 V 


CCZU-3-F 


16.0 


V 90 (20°C) = 3.76 V 


CCZU-5-F 


4.0 




CCP-20CF2.F.F 


5.0 




CCP-30CF2.F.F 


6.0 




CCP-50CF2.F.F 


6.0 




CH-33 


3.0 




CH-35 


2.0 




CH-43 


2.5 




CCH-3CF3 


7.0 




CCH-5CF3 


4.0 




S 


100.0 





25 



30 
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Figures 

Figure 1 shows the principle of construction of a liquid-crystal switching 
element according to the invention having crossed polarisers. 

Figure 1a) shows the arrangement of the most important constituents of 
the switching elements of the first preferred embodiment and the ray path 
in side view. 



BL: denotes backlighting, 

P: denotes polariser or analyser (the transmission direction is 

denoted by the respective bars), 

z: denotes the normal to the display surface, 

C 15 n i j : denotes the preferential direction of the liquid-crystal director 

O in the centre of the layer between the substrates (not shown), 

}j[ corresponds to the direction of the extraordinary refractive in- 

jp dex (n 0 ), and 

*j! nx: denotes the direction perpendicular to the preferential direc- 

J 20 tion of the liquid-crystal director in the centre of the layer 

between the substrates (in the x-axis and in the z-axis), cor- 
responds to the direction of the ordinary refractive index (n e ). 

Figure 1b) shows a plan view of the alignment of the relevant axes. The 
25 symbols from Figure 1a are also used here, where appropriate. 

FigureJ2 shows the definition of the observation angles in the plane of the 
display (<E> and O') and perpendicular to the normal (0). 

30 Figure 3 shows the transmission through the arrangement shown in Figure 
1 , but with the angle of the polariser to the 2nd polariser ^¥p P being varied. 
The optical retardation (d • An) L c was 277 nm. 
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Figure 4 shows the transmission voltage characteristic line of a liquid- 
crystal switching element according to the invention in normally black 
mode in accordance with Example 1 . The parameters are as indicated in 
the text. Two curves are shown which were obtained for two different cells 
with identical results in each case. The curves were obtained for 0 = 0° 
and for 0 = 30° and O = -45°. 

Figure 5 shows, similarly to Figure 4, the characteristic lines of a liquid- 
crystaTswitching element, but here of a TN switching element having d-An 
of 0.5 urn (corresponding to the 1st Gooch and Tarry minimum) of Com- 
parative Example 1 . The curve shows the results for two different cells at 
0 = 0°. 

Figure 6 shows the characteristic line of a TN switching element having 
d-An ofl).50 urn in comparison with that of a switching element according 
to the invention, both with virtually the same capacitive threshold, also 
known as the Freedericks threshold, at an observation angle of © = 10°, 
<D = -45°. 

Figure 7 shows the wavelength dependence of the transmission of the liq- 
uid-cTyital switching element according to the invention from Example 1 
(continuous curves) in comparison with that of a TN display having d-An = 
0.50 urn from Comparative Example 1 (dashed curves). The three sets of 
curves correspond to the addressing voltages for 10, 50 and 90% relative 
contrast. 

Figure 8 shows in two parts the isocontransmission curves of two liquid- 
crystaTswitching elements. The display in polar coordinates was selected 
here, as defined in Figure 2. The transmission was determined for each 
point in the hemisphere above the liquid-crystal switching element with a 
fixed addressing voltage which results in a minimum transmission of 10%. 
Points of equal transmission are connected by isotransmission lines. The 
isotransmission lines are staggered at separations of 10% absolute in 
each case. Areas having a transmission in the region of the same multiple 
of 10% are characterised by the same grey shade. The darkest region cor- 
responds to a transmission of from 0% to 10%, inclusive, the next grey 
region from more than 10% to 20% inclusive, the pale grey region from 
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1 ~= 



more than 20% to 30% inclusive, and so on. The other regions are not 
shaded in grey. 

5 Figure 8a) shows the results for Comparative Example 1 . 

Figure 8b) shows the results for the liquid-crystal switching element ac- 
cordingTolhe invention from Example 1. 

1 0 Figure 9 shows in three parts the isocontrast curves for three different 

switching~elements. As in Figure 8, polar coordinates were used. All three 
sets of isocontrast curves were obtained for addressing with two voltages 
which correspond to the two characteristic voltages V 10 and V 90 for the re- 
spective switching element. The curves connect points of the same 

1 5 contrast ratio. The contrast ratios decrease successively toward the out- 
side, starting with the shortest, closed curve. The preferred quadrant 
having the highest contrast ratio at O = -45°(corresponds to 315°) is at 
bottom right in the figure. 

20 Figure 9a) shows the results for the switching element according to the in- 
ventionlrom Example 1 . The individual curves stand from the inside 
outward successively for contrast ratios of 7, 5, 3, 2 and 1 . 

Figure 9b) shows the results for the switching element according to the in- 
25 ventioTTfrom Example 2. The individual curves stand from the inside 
outward successively for contrast ratios of 7, 5, 3 and 2. 

Figure 9c) shows the results for the TN switching element from Compara- 
tive Exarnple 1 . The individual curves stand from the inside outward 
30 successively for contrast ratios of 1 0, 7, 5, 3, 2 and 1 . 
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Patent Claims 

1 . Liquid-crystal switching element comprising a liquid-crystal layer having 
an initial alignment which is essentially parallel to the substrates and is 
essentially untwisted, at least one polariser, a device for generating an 
electric field, which is aligned essentially parallel to the substrates in 
the case of liquid-crystal materials of negative dielectric anisotropy and 
is aligned essentially perpendicular to the substrates in the case of liq- 
uid-crystal materials of positive dielectric anisotropy, and, if desired, at 
least one birefringent layer, characterised in that the liquid-crystal layer 
has an optical retardation [(d-An) L c] in the range from 0.05 pm to 

0.46 pm. 

2. Liquid-crystal switching element according to Claim 1 , characterised in 
that it contains at least one linear polariser. 

3. Liquid-crystal switching element according to at least one of Claims 1 
and 2, characterised in that the twist angle of the liquid-crystal layer (<|>) 
is in the range from -25° to +25°. 

4. Liquid-crystal switching element according to at least one of Claims 1 to 

3, characterised in that the optical retardation of the liquid-crystal layer 
is or can be switched from its initial value to essentially 0 nm. 

5. Liquid-crystal switching element according to at least one of Claims 1 to 

4, characterised in that it is a transmissive or transflective liquid-crystal 
switching element. 

6. Liquid-crystal switching element according to at least one of Claims 1 to 

5, characterised in that the optical retardation of the liquid-crystal layer 
is from 0.20 pm to 0.37 pm. 

7. Liquid-crystal switching element according to at least one of Claims 1 to 

6, characterised in that the optical retardation of the liquid-crystal layer 
is from 0.07 pm to 0.17 pm. 
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8. Liquid-crystal switching element according to at least one of Claims 1 to 
7, characterised in that it contains at least one birefringent layer. 

9. Liquid-crystal switching element according to Claim 8, characterised in 
that it contains a XIA layer, a XII layer or two XIA layers. 

10. Liquid-crystal switching element according to at least one of Claims 8 
and 9, characterised in that the optical retardation of the birefringent 
layer or of the birefringent layers [(d-AnJeJ corresponds either to es- 
sentially half or essentially twice the optical retardation of the liquid- 
crystal layer [(d-An) L c]- 

11. Liquid-crystal switching element according to Claim 10, characterised in 
that the optical retardation of the liquid-crystal layer is from 0.20 urn to 
0.37 urn, and the liquid-crystal switching element contains a XI A layer. 

12. Liquid-crystal switching element according to Claim 10, characterised in 
that the optical retardation of the liquid-crystal layer is from 0.07 urn to 
0.17 urn, and the liquid-crystal switching element contains a XII layer 
or two XI A layers. 

13. Liquid-crystal switching element according to at least one of Claims 1 to 
7, characterised in that the switching element contains no birefringent 
layer. 

14. Liquid-crystal switching element according to Claim 13, characterised in 
that the twist angle of the liquid-crystal layer {§) is from -6° to +6°. 

15. Liquid-crystal switching element according to at least one of Claims 13 
and 14, characterised in that the optical retardation of the liquid-crystal 
layer in the fully switched state is from 0 nm to 80 nm, preferably from 
0 nm to 40 nm. 

16. Liquid-crystal switching element according to at least one of Claims 13 
to 15, characterised in that the liquid-crystal layer has positive dielectric 
anisotropy. 
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17. Liquid-crystal switching element according to at least one of Claims 13 
to 16, characterised in that it can be operated in normally white mode. 

5 1 8. Liquid-crystal switching element according to at least one of Claims 1 3 
to 17, characterised in that it is a reflective liquid-crystal switching ele- 
ment. 

19. Liquid-crystal switching element according to at least one of Claims 13 
10 to 1 7, characterised in that it is a transmissive liquid-crystal switching 

element. 

20. Liquid-crystal switching element according to at least one of Claims 13 
to 15, characterised in that the liquid-crystal layer has negative dielec- 
tric anisotropy. 

21. Electro-optical liquid-crystal display device, characterised in that it 
contains a liquid-crystal switching element or a plurality of liquid-crystal 
switching elements according to at least one of Claims 1 to 20. 

22. Electro-optical liquid-crystal display device according to Claim 21 , char- 
acterised in that it contains a multiplicity of liquid-crystal switching 
elements, and these are arranged in matrix form. 

23. Electro-optical liquid-crystal display device according to Claim 21 or 22, 
characterised in that the liquid-crystal switching elements are ad- 
dressed by means of a matrix of active electrical switching elements. 

24. Use of an electro-optical liquid-crystal switching element or a plurality of 
30 electro-optical liquid-crystal switching elements according to at least 

one of Claims 1 to 20 in a liquid-crystal display device. 
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Herbert PLACH 




-FourtlrijEfeTTtoTVs^ 


Date 




20 November 2001 


Residence 




64291 Darmstadt 




Citizenship 




German 




Post Office Address 




c/o MERCK KGaA, 64271 Darmstadt, Germany 







Full name of fifth inventor, if any 



Fifth inventor's signature 



Date 



Residence 



Citizenship 



Post Office Address 



Full name of sixth inventor, if any 



Sixth inventor's signature 



Date 



Residence 



Citizenship 



Post Office Address 
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